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Preface 



THE FIRST five chapters of this volume deal with the supervision and management 
of an electrical , maintenance activity. Chapter 1 covers the specialty description for 
the aircraft electrical repair technician and discusses your duties and responsibilities as 
defined in AFM 39-1/ The chapter also presents your responsibilities under the USAF 
Safety Program and provides a review of communications security. 

Chapter 2 gives you the information you need to operate an electric shop-a typical 
shop organization, the levels and types of maintenance, how to establish bench stocks, 
acquire tools and equipment, and set up and maintain a technical order file. 

Chapter 3 -gives 7-level knowledges related to supervision and training in a 
maintenance environment. The discussion of supervision relates to the new worker, 
personnel relations in supervision, and how to improve work methods. The chapter 
also covers airman performance reports, the ATC graduate evaluation program, and 
training. 

Chapters 4 and 5 deal with the operation, maintenance, and malfunctions of shop 
and electric test equipment and with the responsibility for the calibration and adjustment 
of such equipment. In addition, these chapters cover the use of resistance-, current-, 
and voltage-measuring equipment, discuss special test equipment, and provide 
information on the use of logic trees on modern-day aircraft. 

Chapters 6 through 10 deal with the analysis of electrical and electronic control 
systems. They present a brief review and thejnjin expansion on electrical principles, 
coupled with a general study of electrical/electronic systems for which you as a 
technician may be responsible. Chapters 6 and 7 are a review of dc and ac principles. 
Chapter 8 covers the operation and maintenance of a multi-generator dc power system. 
Chapter 9 is an in-depth look at a transistorized ac power system. It also includes 
tne operation and maintenance of the system. Chapter 10 provides a detailed explanation 
of four of the most troublesome warning systems and explains the operating 
characteristics and maintenance of these systems. In this chapter you will also study 
logical troubleshooting procedures. 

As you study the chapters that relate to systems, keep in mind that the discussion 
is general. The aircraft which you are presently assigned to maintain may be somewhat 
different, but the principles of operation are basically the same. 

The 83 illustrations (figures 1-83) and the 16 schematic foldouts (numbered 1-16) 
are bound separately in two books of illustrations, one for illustrations and one for 
foldouts. When the text makes reference to a. figure or a foldout, turn to the appropriate 
supplement and locate the referenced visual aid. Code numbers appearing in the lower 
right. hand corner of figures are for preparing agency use only. 

If you have questions on the accuracy or currency of the subject matter of this 
text, or recommendations for its improvement, send them to Tech Tng Cen (TSOC), 
Chanute AFB IL 61866. 

If you have questions concerning course enrollment or administration, or any of 
EGs instructional aids (Your Key to Career Development, Study Reference Guides, 
Chapter Review Exercises, Volume Review Exercise, and Course Examination), consult 
your education officer, training officer, or NCO, as appropriate. If he cannot answer 
your questions, send them to ECI, Gunter AFB, Alabama 36114, preferably on ECI 
Form 17, Student Request for Assistance. 

This volume is valued at 66 hours (22 points). 

Material in this ^olume is technically accurate, adequate, and current as of 
November 19.75. 
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Change date to "1 May 1974." 

2. CHANGES FOR THE SUPPLEMENT: 42370 01 101 0570, VOLUME 1, FIGURES 1-83 
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MODIFICATIONS 

$~d^^> / ' vS3 of this publication has (have)' been deleted in 

adapting this material for inclusion in the "Trial Implementation of a 
Model System to. Provide Military Curriculum Materials for Use in Vocational 
and Technical Education." ^Deleted material involves extensive use of 
military forms, procedures, systems, etc. and. was not considered appropriate 
for use in vocational and technical education. 
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CHAPTERS 



USE AND MAINTENANCE OF ELECTRONIC TEST EQUIPMENT 



AS AN electrical technician you will be called upon 
to put new equipment .into operation, to perform 
preventive or scheduled maintenance, and to repair 
equipment. Many types of test equipment are 
available to help you perform these jobs efficiently. 
( 2. You must have a good understanding of the 

\ function, design, and operation of your test 
equipment in order to interpret the information 
given. Your knowledge of testing techniques will 
lighten your workload as well as add' to your ability 
as a technician. 

3. In this chapter we will very briefly review 
and then expand upon the operating principles of 
resistance, current, and voltage-measuring equipment. 
Also, to be discussed later in this chapter is special 
aircraft power systems test equipment. 

10. Resistance, Current, and Volt age -Measuring 
Equiprnent 

10-1. ■ Measuring instruments are tools which 
make use of magnetism and electromagnetism to 
provide essential information about' electrical circuits. 
Several types of instruments are designed for use in 
direct-current circuits, and others for use* in 
alternating-current circuits. The power consumption 
of any electrical measuring, device should be small 
in comparison with the power available in the circuit 
under test. The following paragraphs contain 
information on the construction and application of 
the types of equipment generally used for test 
purposes. 

10-2. Resistance-Measuring Devices. The three 
types of resistance-measuring devices to Be discussed 
are the ohmmeter, megger, and Wheatstone bridge. 
To use these instruments' effectively you must be 
acquainted with the calihiafion of the meter scales, 
especially on the higher ranges, becau.se it is not often 
possible to obtain accuracy on the maximum scale 
range of the meter. An ohmmeter used in field 
testing should be portable, convenient, and' simple to 
operate. These factors are generally more important 
then extreme accuracy. The information in the 
following paragraphs will help you select the 
measuring device that best meets the needs of your • 



10-3. Ohmmeter. The ohmme ter is a device 
that uses a current-actuated meter and a fixed source 
of voltage for ^measurement of resistance values. 
It is used for practical work where simplicity, 
portability, and ease of operation are more important 
than a high degree of precision. Ohmmeters may 
be of the series or shunt type. The first type of 
ohmmeter to be discussed will be the series type. 

10-4. a. Series type ohmmeter. A simplified 
schematic of an ohmmeter is shown in figure 20. As 
you can see from the schematic, £ is a source of 
emf, Rl is a variable resistor used to zero the meter, 
^ (M), and R2 is a fixed resistor used to limit the* 
. current in the meter movement. Points A and B are 
test terminals. 

10-5. If A and B are connected together (short 
circuited), the meter, the battery, and resistors Rl 
and R2 form a series circuit. With Rl set so that 
the total resistance in the circuit is.4500 ohms, the 
current through the meter is 1 ma^and the needle 
deflects full scale. Since there is no resistance * 
between A and B, this position of the needle is 
labeled zero. If a resistance equal to 4500 ohms is 
placed between terminals A and B, the total 
resistance is "900(5 ohms, and the current is .5 ma. 
This action will cause the needle to deflect to 
half-scale. This half-scale reading is labeled 4500 
ohms. This means that the half-scale reading is equal ' 
to the internal resistance of the meter. 

10-6. If a resistance of 9000 ohms is placed 
between terminals A and B, the needle deflects 
one-third scale. The left side of the scale is, 
therefore, labeled infinity to indicate an infinite 
resistance. Resistances of 13.5-K and 1 .5-K ohms 
placed between terminals A and B will cause a 
deflection of one-fourth and three-fourths of the 
scale, respectively. 

1 0-7. To enable the meter to indicate any value 
being measured with the least error, scale 
multiplication features are incorporated in most 
ohmmeters. For example, a typical meter will have 
four test lead jacks marked as follows: Common, 
RX3, RX10, and RX100. The common jack is 
connected internally through the battery to one side 
of the moving coil of the ohmmeter. This is shown 
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in figure 21. The jacks RX1, RX10, and RXIOO 
are connected and labeled to show the three different 
; sbe resistors located within the ohmmeter. Although 
the resistors are labeled in figure 21, on a meter the 
jacks are individually labeled. 

10-8. Some ohmmeters are equipped with a 
selector switch for selecting the multiplication scale 
desired. In this way only two test lead jacks are 
necessary. Other meters have a separate jack for each 
range, as shown. The range to be used for measuring 
any particular unknown resistance, RX, depends 
upon the approximate ohmic value of the unknown 
. resistance. For example, assume that the ohmmeter 
scale shown in figure 21 is calibrated in divisions from 
'0 to 1,000. If RX is greater than 1,000 ohms, and 
the RX1 range is being used, it cannot be measured 
by the ohmmeter. This occurs because the combined 
series resistance of resistor RX1 and RX is too great 
to allow sufficient battery current to flow to deflect 
the pointer away from infinity ». The test lead will 
have to be placed into the next range, RX10. Next, 
assume that the pointer deflects to indicate 375 
ohms. This will indicate that RX has 374 x 10, or 
3,750 ohms resistance. The change of range caused 
the deflection because resistor RX10 has only 
one-tenth the resistance of resistor RX1. Selecting 
the smaller series resistance permits enough battery 
current to flow to cause a notable pointer deflection. 
If the RX100 range were used to measure the same 
3,750-ohm resistor, the pointer will deflect still 
further to the 37.5-ohm position. This increased 
deflection will occur because -resistor RX100 has only 
one-tenth the resistance of resistor RX10. Some 
ohmmeters have a special scale called a low-ohm scale 
for reading low resistances. A shunt type ohmmeter 
circuit is used for this scale. 

10-9. b. Shunt type ohmmeter. Shunt type 
ohmmeters are used to measure small values of 
resistance. In the schematic circuit shown in figure 
22, E is applied across a limiting resistor R, and a 
meter movement in series. Resistance and battery 
values are chosen so that the meter movement 
deflects full scale when terrfrinals A and B are open. 
When the terminals are short circuited, the meter 
shows z^ro. The unknown resistance, RX, is placed 
between terminals A and B. This is in parallel with 
the meter movement. The smaller the resistance value 
measured, the less the current flow through the meter 
movement. The scale of a shunt type ohmmeter is, 
therefore, a direct scale; that is, values increase' from 
left to right. 

10-10. The value of the limiting resistor, R, 
is usually made large compared to the resistance of 
the meter movement. Thus, the value of RX 
determines how much of this constant current flows 
through the meter and how much flows through RX 



Note that in a shunt type ohmmeter current 
constantly flows from the battery through the meter 
movement and the limiting resistor. Therefore, when 
using an ojirnmeter with a low-ohm scale, DO NOT 
leave the switch in the low-ohm position. 

10-11. Ohmmeter applications include 
resistance measurements, continuity checks, and 
inductor, capacitor, and transformer tests. A 
transformer may be tested by checking for opens, 
shorts, low insulation resistance to ground, or 
improper continuity within! the transformer windings. 
Also, capacitors may be tested to determine whether 
they are open or shorted. When an ohmmeter is 
placed in series with a capacitor, the ballistic kick 
of the meter, caused by the^ charging current, is 
proportional to the capacitance of the capacitor. The 
deflection obtained can be compared with the 
deflection of a capacitor of known value. 

10-12. As you can see from the operation of 
the ohmmeter, it cannot be used to make precision 
measurements of very low or very high values of 
resistances. Low resistances requiring precision 
measurement should be measured with a bridge tj|pe 
of instrument. The megger type meter should be used 
to measure the higher resistances. The megger will 
be the next measuring device to be discussed. 

10-13. Me&er. When measuring high 
resistances, ohmmeters are limited because of the 
higher voltage required to produce readable 
indications. The higher voltage requirements are 
overcome by the megohm/neter (megger). A megger 
is used to measure resistance as high as 100 gigohms. 
A gigohm, is 1 x 10^ ohms. 

10-14. The megger consists of two coils: A 
and B. These coils are rigidly mounted on a moving 
system located within a field assembly, as shown in 
figure 23. In contrast to the movements previously 
described, there is no restraining spring in the megger. 
Balance is accomplished by mounting the two coils 
at right angles to each other so that they will exert 
opposing forces on the moving system. The pointer 
will come to rest at a point of equality between the 
forces. Spring supported, jewel bearings provide a 
nearly frictionless motion around a C-shaped, 
soft-iron core. When no current is flowing in either 
coil, the pointer (wjiich is said to be "floating") may 
come to rest anywhere along the scale. The voltage 
source is a hand-driven or motor-driven direct-current 
generator. Usually, the output is 500 volts, although 
some ratings are as high as 2500 volts. 

10-15. Coil A, called the current coil, is 
connected in series with a resistance between one side 
\ of the generator and the ungrounded line terminal. 
Coil B, called the potential coil, is connected in series 
with another resistor across the full output of the 
generator. When there is nothing connected to the 
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output terminals, no current can flow in the current 
coil (A). If the handcrank is turned under this 
condition, control is affected solely b^the potential 
coil. It turns until it is aligned at right, angles to 
the pole pieces. The pointer then indicates infinite 
resistance. When a resistance is connected across the 
output terminals, current flows in the current coils. 
The resulting torque turns the potential coil away 
from the infinite resistance position. This movement 
stops when there is a balance between the opposing 
forces. The new position depends upon the resistance 
connected to the output tenninals of the megger. If 
a very low resistance is connected to the output 
terminals, the pointer will be pulled toward zero. The 
current coil is protected against excessive current by 
the series-connected resistor. 

10-16. \ One of the outstanding ieatures of the 
megger is the independence of the indications with 
respect to the speed at which the crank is turned, 
or the strength of the permanent magnet. This is true 
because the generator supplies current to both coils 
so that any change in its output voltage affects the 
coils in the same proportion. As a result, the pointer 
moves to the same position when a particular 
resistance is connected to the output terminals of the 
megger. 

10-17. Before connecting the megger to the 
equipment to be measured, all power should be 
disconnected. Because of the small amount of torque 
and the lack of balance springs in the movement, the 
megger should be kept in an upright position and 
placed away from a strong external magnetic field 
so that the ^reading will not be affected. The test 
leads shoula be connected to the megger and the 
megger tested for leakage. With the test leads open, 
the meter hor'd read infinitv. When the test leads 
are short circu. ud, the meter should read zero. 

10-18. Connect the test leads to the device 
whose insulation resistance is to be checked. Rotate 
the handcrank until a steady meter reading is 
indicated. A reading should be taken which should 
be compared to the proper value of insulation 
resistance. It is important that the insulation 
resistance be measured at the same temperature each 
time am insulation test is made. Why? Because the 
resistance of insulation drops sharply at high 
temperatures. For example, the insulation resistance 
between the stator. winding of a certain slow-speed 
generator and the frame is 100 megohms at 85° F. 
The insulation resistance of this same equipment falls 
to only 10 megohms at 140* F. 

10-19. We have discussed the application of the 
ohmmeter which is used for resistance and continuity 
tests and which has a range of a few megohms. We 
have also discussed the megger which is used to 



measure insulation resistance as high as lOOgigohms. 
For more accurate resistance measurements, the 
Wheatstone bridge' may be used. 

10-20. Wheatstone bridge. Bridges are one of 
the most accurate measuring devices used to measure 
values of resistance. Certain types of bridges are 
more suitable for the measurement of a specific 
characteristic of a circuit than arc other types of 
bridge test equipment. The type of bridge to be 
discussed is the Wheatstone bridge. It is a very 
accurate instrument for making resistive measure- 
ments. 

10-21. The circuit shown in figure 24 is that 
of a Wheatstone bridge. The comparing circuit 
contains branches A and B, and the provisions for 
changing the ratios of these branches with respect 
to each other. In this way, various measuring ranges 
can be obtained. The measuring circuit also contains 
two branches. The resistance to be measured is 
connected to branch X of the bridge measuring 
circuit. Branch S contains the variable control used 
to bring the bridge into a balanced condition. A 
potentiometer is used for this purpose in most bridge 
equipment because it offers a wide range of smoothly 
variable current changes within the measuring circuit. 
The third arm of the bridge is the detector circuit. 
The detector circuit may use a galvanometer for 
sensitive measurements requiring high accuracy, in 
the case of bridges using alternating current as the 
power source, the galvanometer must be adapted for 
use in an ac circuit. 

10-22. The most unfavorable condition for 
making a measurement occurs when the resistance to 
be measured is completely unknown. In this case, 
the galvanometer cannot be protected by setting the 
bridge arms for approximate balance. In order to 
reduce the possibility "of damage to the galvanometer, 
it is necessary to use an adjustable shunt (not shown 
in figure 24) circuit across the meter terminals. As 
the bridge is brought closer to the balanced 
condition, the,, resistance of the shunt can be 
increased. When the bridge is in balance, the meter 
shunt > can be removed completely to obtain 
maximum detector sensitivity. 

10-23. Figure 24 shows that the signal voltage 
in the A and B branches of the bridge will be divided 
in proportion to the resistance ratios of its 
component members, Ra and Rb, for the range of 
values selected. This same signal voltage is impressed 
across the branches of S and X of the bridge. The 
variable control, Rs, is rotated to change the current 
flowing through the S and X branches of the bridge. 
When the point is reached where the voltage drop 
across branch S is equal to the voltage drop across 
branch A, the voltage drop across branch X will be 
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cqua] ki the voltage drop across branch B. At tliis 
time the potentials across the dctcctoi circuit arc the 
same, resulting in an indication of a zero current Dow 
across the detector circuit. The bridge is balanced 
at these settings of its operating controls. They 
cannot be placed at any other settings and still 
maintain this balanced condition. , 

10-24. One of the most elementary precautions 
concerning the use of a bridge, when measuring low 
resistance, is to tighten the binding posts securely. 
You must do this to keep liie contact resistance 
between the binding posts and the resistance to be 
measured at a minimum. In those cases where wire 
leads must be used to reach from the resistance under 
test to the bridge terminals, measure the olimic value 
of tne leads prior to measurement of the resistance 
under test. The resistance of the test leads can then 
be subtracted from the total resistance shown on the 
Wheatstone bridge. 

10-25. The limitations of the Wheatstone bridge 
are encountered when very high or very low 
resistances are measured. This type of bridge circuit 
generally has a lower measuring hmit of 0.1 ohm, 
and an upper limit of about 0.1 megolim. The 
'accurac\ of measurements made with the Wheatstone 
bridge are independent of the value of the supply 
voltages. Therefore, the bridge can be supplied by 
small flashlight batteries which make the unit light 
and portable. 

10-26. This concludes the discussion on 
resistance-measuring devices. As you know, most of 
the measuring equipment used by an electrician on 
the flight line or in the shop will have a D'Arsonval 
meter movement. The objective of this chapter is 
to acquaint you with the various meter circuits, 
limitations, and special operating, precautions. Our 
ne*t discussion will be on current-measuring devices. 

10-27. Measuring Current. An ammeter is 
designed to measure current. Therefore, it must be 
tonnccud in series with the circuit so that all the 
current passes through it. This also means that, in 
order to prevent an appreciable decrease in circuit 
current, the total resistance of the ammeter must be 
low. < In actual practice, it is often necessary to 
measure currents that are greater than the full current 
range of a given meter. To permit these 
measurements, it is necessary to use the laws of 
parallel circuits and to connect a low resistance 
conductor in parallel with the meter movement. 
When used for this purpose, the low resistance 
conductor is called a shunt, and it becomes part of 
the meter. 

10-28. Ammeter .When the ammeter, 
v 

consisting of a meter and shunt in parallel, is 
connected in series with the circuit, the current will 



divide in such a way that the moving coil and the 
shunt each carry a proportionate amount. Like any 
parallel circuit, the current in the two paths is 
proportional to tne resistance of the branch. 
Therefore, by proper selection, a shunt can be found 
that will carry any desired proportion of the total 
current. Since this proportion between meter current 
and shunt current usually remains the same, the 
meter scale can then be calibrated ■ to indicate the 
total current with only a portion of this current being 
carried by the moving coil. 

10-29. It is important to select a suitable shunt 
when using an external shunt ammeter so that the 
scale indication is easily read. For example, if the 
scale has 150 divisions, and the load current to be 
measured is known to be between 50 and 100 
amperes, a 150-ampere shunt will be suitable. If the 
scale deflection is 75 divisions, the load current is 
75 amperes when using the same 150-ampere shunt. 

10-30. A shunt having the same current rating 
as the estimated normal load current should never 
be used. Any abnormally high load would drive) the 
pointer off scale and damage the movement. A good 
choice of a shunt will bnng the needle somewhere 
near the midscale indication when the load is normal. 

10-31. For limited current ranges (below 50 
amperes), internal shunts are most often used. In 
tliis manner the range of .the meter may be easily 
changed by selecting the correct internal shunt leaving 
the necessary current rating. Before the required* 
resistance of the shunt for each range can be 
calculated, the resistance of the meter movement 
(Rm) must be known. For example, -suppose it is 
desired to use a 1 OO-micro.-impere D'Arsonval meter 
(Im) having 'a resistance of 100 ohms (Rm^ to 
measure line current up to 1 ampere. The meter 
deflects full scale when the current through the 
100-ohm coil is 3 00 microamperes. Therefore, the 
voltage drop (Em) across the meter coil is 1R: 

1m X Rm = Ern 
0.0001 X 100 = 0.01 

10-32. Because the shunt and coil are in 
parallel, the shunt must also have a voltage drop of 
0.01 volt. The current that flows through the shunt 
is the difference between the full-scale meter current 
and the line current. In this case, the meter current 
is 100 x 10 , or 0.0001 ampere. This current is 
negligible compared witli the line (shunt) current; 
therefore, the shunt current is approximately 1 
ampere. The resistance of the shunt (R^) is; 

= aoi_ = 001 ohm . 
s h 1 
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and the range of the lOG-microampere meter lias been 
increased to 1 ampere by paralleling it with the 
0.01-ohm shunt. 

1033. The lOOmicroampere instrument may 
also be converted to a 10-ampere meter by the use 
of a proper shunt. For full-scale deflection of the 
meter, the voltage drop, Eg, across the shunt (and 
across the meter) is still at 0.0 1 volt. The meter 
current is again considered negligible, and the shunt 
current is now approximately 10 amperes. The 
resistance Rg, of the shunt is therefore: 



R S = 



0-01 = 0.001 ohm 
10 



10-34. The same instrument may likewise be 
converted to a 50-ampere meter by the use of the 
proper type shunt. The current, Ig, through the 
shunt is approximately 50 amperes, and the 
resistance, Rg, of the shunt is: 

_ E S _ 0.01 = 0.0002 ohm 



Ic 



50 



10-35. By means of a suitable switching 
arrangement, various values of the shunt resistance 
may be used to increase the number of current ranges 
that may be covered by the meter. Two switching 
arrangements are shown in figure 25. Figure 25 ^A) 
is"the simpler of the two arrangements from the point 
of view of calculating the value of the shunt resistors 
when a number of shunts are used. However, it has 
two disadvantages: 

When the switch is moved from one shunt 
resistor to another, the shunt is momentarily removed 
from the meter, and the line current flows through 
the meter coil. Even a momentary surge of current 
could easily damage the meter. 

The contact resistance (the resistance 
between the blades of the switch when they are in 
contact) is in series with the shunt, but not with the 
meter coil. In shunts that must pass high currents, 
the contact resistance becomes an appreciable part 
of the total shunt resistance. Because the contact 
resistance is »of a variable nature, the ammeter 
indication may not be accurate. 

10-36. A more generally accepted method of 
range switching is shown in figure 25 (B). Although 
only two ranges are shown, you can use as many 
as needed. In this type of circuit, the range selector 
switch contact resistance is external to the shunt and 
meter in each range position. Therefore, this contact 
resistance has no effect on the accuracy of the 
current measurement. 



.10-37, Ammeter a »mec lions. 

Current-measuring instruments should aJways be 
connected in series with a circuit and never in parallel 
with it. If an ammeter were connected across a 
constant potential source of appreciable voltage, the 
shunt would become a short circuit and *he meter 
would burn out. If the approximate value of current 
irL a circuit is not known, it is best to start with 
the lughest range <>i the ammeter. Then switch to 
progressively lower ranges until a suitable reading is 
obtained. 

10-38. Most ammeter needles imiicate the 
magnitude of the current by being deflected from 
left to right. If the meter is connected wn : i reversed 
polarity, the needle will be deflected backward, and 
this action may cause damage to the movement, of 
the mejer. Now do you see why you should observe 
the proper polarity in connecting, the meter to the 
circuit to be measured?. The meter should aly/ays 
be connected so that the meter terminals are 
connected to like polarities in the circuit. 

10-39. Measuring Voltage. Voltmeters are 
designed to measure electrical pressure in terms of 
volts. Therefore, the scale is calibrated directly in 
terms of volts. Hie D'Arsonval, or moving-coil, meter 
may be used in the construction of a voltmeter. 
However, there are a few things to be considered. 
In the first place, voltage is a difference in potential 
between two points. To measure it, the meter must 
be connected directly across the two points. A second 
factor that must be considered is that the coil of 
the meter is moved by the magnetic effect of an 
electrical current. Because the resistance of the coil 
is purposely kept low, the current flow must not be 
allowed to exceed that required for full-scale 
deflection. Thus, a voltmeter operates because of 
the current flow through it. The scale *bf the 
voltmeter is calibrated to indicate the voltage 
necessary to cause the current to flow in the coil 
It is not calibrated to indicate current flow. 

10-40. Voltmeter. The 100-microamperc 
D'Arsonval meter used as the basic meter for the 
ammeter may also be used to measure voltage if a 
high resistance is placed in series with the moving 
coil of the meter. For low-range instruments, this 
resistance is mounted inside the case with the 
D'Arsonval movement. The resistance consists of 
resistance wire having a low-temperature coefficient 
and wound either on spools or £ard frames. For 
higher voltage ranges, the series resistance may be 
connected externally. When this is done, the unit 
containing the resistance is commonly called a 
multiplier. 

10-41. The vaiue of the necessary series 
resistance is determined by the current reo-r", f^r 
full-scale deflection o r * the meter and bv :r: ranse 
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of voltage to be measured. . Because the current 
through the meter circuit is directly proportional to 
the applied voltage, the meter scale can be calibrated 
directly in volts for a fixed series resistance. 

10-42. For example, assume that the basic 
meter (microammeter) is to be made iMo a voltmeter 
with a full-scale reading of 1 volt. The cofrtesistance 
of the basic meter is 100 ohms, and 0.000K ampere 
(100 microamperes) causes a full-scale deflection. « 
The total resistance, R, of the meter coil 2qd the, 
series resistance is: 



R = 



n 

T 



The series resistance 



(R s ) al 



one is: 



R s = 10,000 - 100 = 9,900 ohms" 

• 

10-43/ ^Multirange voltmeters use one meter 
movement with the required resistances connected in 
series with the meter by a convenient switching 
arrangement. The total circuit resistance for each 
of three ranges (1, 100, and 1000 volts), beginning 
with the 1 volt range is: 



R.-L 



1 



100 fi A 



_ 300 



100^ A 
= 1,000 



100 fi A 



0.01 megohm 

1 megohm - 

= 10 megohms 



10-44. a. Sensitivity. The sensitivity of a 
voltmeter is given in ohms per volt (ftE). Jt may 
be determined by dividing the resistance, R^, of the 
meter, plus the scries resistance, Rg, by the full-scale 
reading in volts: 



sensitivity = 



This, is the same as saying that the sensitivity 
is equal* to the reciprocal of the current in amperes 
for full-scale deflection: r 



sensitivity = 



ohms 
volts 



volts 
ohms 



amperes 

v 



^Thus, the sensitivity of a 1 00-microampere movement 
is the reciprocal of 0.0001 ampere, or 10,000 ohms 
per volt. 

10-45. The sensitivity can be increased by 
increasing the strength of the permanent magnet, by 
using lighter weight materials for the moving element 
(consistent with the increased number of turns on 
the coil), and by using sapphire jewel bearings to 
support the moving coil. 

10-46. The accuracy of a meter is generally 
expressed in percent. For example, a meter that has 
an accuracy of 1 percent should indicate a value that 
is within 1 percent of the correct value. That is, 
if the correct value is 100 units, the meter indication 
may be anywhere within the range of 99 to 101 units. 

3047. b. Voltmeter connections. 

Voltage-measuring instruments are connected across 
(in parallel with) a circuit. If the approximate value 
of the voltage to be measured is not known, it is 
best to start with the highest range of the Voltmeter 
and switch progressively to the lower ranges until a 
suitable reading is obtained. 

30-48. In many cases, the voltmeter is not a 
central zero-indicating instrument (needle centered 
with no input). Thus, it is necessary to observe the 
proper polarity when connecting the instrument to 
the circuit, as is the case in connecting the dc 
ammeter. When the voltage source is to be measured, 
place the positive terminal of the voltmeter on the 
positive terminal of the source and the negative 
terminal on the negative terminal of the source. In 
arf^ case, the voltmeter is connected so that electrons 
will flow into the negative terminal and out of the 
positive terminal of the meter. 

30-49. The function of a voltmeter Jf to 
indicate the potential difference between Wffpoints 
in a circuit. When the voltmeter is connected across 
a circuit, it shunts the circuit. If the voltmeter has 
low resistance, it will draw an appreciable amount 
of current. The effective resistance of the circuit 
will be lowered, and the voltage reading will, 
consequently, be lowered. When voltage 
measurements are made in high-resistance circuits, it 
is necessary to use a high-resistance voltmeter to 
prevent the shunting action of the meter. The effect 
is less noticeable in low-resistance circuits, because 
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the shunting effect is less. A meter that is designed 
to measure voltages without loading the circuit is the 
vacuum tube voltmeter. 

10-50, Vacuum tube voltmeter. The vacuum 
tube voltmeter (VTVM) is an • instrument used for 
measuring ac or dc voltages. It uses one or more 
vacuum tubes in a special circuit containing a meter. 
The operating power for the tubes is usually obtained 
from a built-in power supply working off an ac line; 
however, batteries can be used. The VTVM is also 
known as an electronic voltmeter. 

10-51. The primary advantage of the VTVM 
•over ordinary meters, is its design to measure voltages 
without loading t the circuit Normal operating 
conditions are left more or less undisturbed, since 
the VTVM draws negligible current from the circuit 
under test. This is of special advantage in low-power 
circuits where the conventional voltmeter changes the 
circuit conditions and" produces false readings. 

10-52. The VTVM can be used to measure ac 
voltages over a frequency range extending from 5 to 
10 Hertz to several hundred\megahertz. The VTVM 
can also be used to measure low voltages in 
high- impedance circuits, since^he in pupi impedance 
of the VTVM is usually standarcli^i^MO megohms. 
The loading effect is negligible wh^n this impedance 
is placed in shunt with the circuit under test, and 
low voltages can be measured with a high degree of 
accuracy. The conventional meter, having a much 
lower input impedance on the low-voltage ranges, 
loads the circuit and products erroneous readings. 

10-53. The basic dc VTVM circuit of figure 
26 consists of a triode, a source of plate voltage and 
grid bias, and a dc miHiammeter. The meter is 
calibrated to show the voltage applied between the 
grid and cathode of the tube. The negative 5-volt 
bias on the tube grid establishes the operating pohu 
at cutoff, as shown in the grid voltage plate current 
characteristic curve. No current flows through the 
tube with a 0 input voltage, and the meter in the 
plate circuit reads 0. When a voltage is applied to 
the input terminals, the plate current flows through 
the circuit, thereby actuating the meter pointer. 

10-54. Since the applied voltage, EX, causes 
the tube to operate along the straight portion of the 
characteristic curve, the increase in plate current is 
directly porportional For example, if a voltage, EX, 
equal to +2 volts is applied to the voltmeter, the bias 
on the grid of the tube is reduced to -3 volts, 4 ma 
of current flows in the plate circuit, and the meter 
pointer is deflected to indicate 2 volts. This is shown 
in the figure by the horizontal and vertical dashed 
lines which intercept the tube characteristic curve at 
/ the points indicated. When EX is equal to +4 volts, 
the grid bias become -1 volt and Ip is equal to 8 



ma. Intermediate values of the voltage can be 
detennined by means of the characteristic curve for 
the values of EX from 0 to +5 volts. The meter, 
scale can then be calibrated directly in terms of the 
voltage. 

10*55. A simple circuit for the measurement 
of ac voltages is shown in figure 27. Although this 
circuit is the same as that used for the measurement 
of dc voltages, it can be used to measure ac voltages 
from 0 to 5 volts over a wide frequency range. 

10-56. When no voltage, EX = 0, is applied 
to the input terminals, the tube is at cutoff because 
of the negative 5-volt bias on the grid of the tube. 
The meter reading at this point will be zero. The 
fixed bias is marked on the plate-current grid-voltage 
curve, as shown. When an ac voltage is applied to 
the input terminais, the positive alternation reduces 
the negative grid bias in direct proportion to the value 
of the positive half-cycle, and the tube draws current. 
Since the tube is biased at cutoff, the negative 
alternation has no effect on the circuit condition. 

10-57. Conduction of current on the positive 
alternations of the applied ac voltage produces 
current pulses having ^ the waveforms as shown in 
figure 27. The meter pointer, is unable to follow 
these current pulses to indicate peak values but 
responds to the average value of the current flowing 
in the circuit. An examination of the plate current 
waveform shows the average value of the pulse at 
maximum plate current to be 3.2 ma. By selecting 
a meter which requires 3.2 ma for full-scale 
deflection, maximum deflection is obtained when the 
peak positive alternation of the input voltage is equal 
to 5 volts, and the grid bias is reduced to 0. The 
meter can then be calibrated in terms of peak voltage, 
since the current through the meter is determined 
by the applied input voltage. AC vacuum tube 
voltmeters can be calibrated to read average, peak, 
or rms values. 

10-58. " Because the VTVM is a 
sensitive-measuring device, subjecting it to a voltage 
above its rated limit may damage the instrument. 
Always connect the voltmeter across a circuit with 
the range switch initially set on the highest range. 
If this does not give enough needle deflection, 
decrease the range by steps until a convenient reading 
is obtained. 

10-59. When using probes for high-voltage 
checking, always grip the probe near the rear of the 
handle. This reduces the electric shock hazard ar 
also decreases the capacitive effects of the hanjron 
the circuit. If possible, connect the probe/lo the 
high-voltage circuit under test before turning on the 
voltage in the circuit. High dc voltages, when present 
in ac circuits under test, charge the input coupling 
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capacitor of the meter. If the ac probe and a ground 
point are touched at the same time, a dangerous 
shock may result. To prevent this, ground the ac 
probe immediately after testing such circuits. 

10-60. Other precautions to follow for 
high-voltage measurements are as follows: 

- Locate all high voltage points in the circuit 
under* test before making measurements. 

- Make sure thaft no part of your body touches 
ground at any time. 

-^Always break the circuit at or near ground 
potential when measuring current in high-voltage 
circuits. 

10-61. Another instrument used for measuring 
voltage is the cathode-ray oscilloscope. The 
usefulness of the oscilloscope lies in its design to 
portray graphically and instantaneously the 
fluctuating circuit conditions. The oscilloscope is the 
topic of our next discussion. 

10-62. Oscilloscope. Operation ^of the 
oscilloscope is based upon the formation and contr 
of a beam of electrons used for the purpose of 
producing a visible trace on a fluorescent screen. The 
general purpose oscilloscope, shown in figure 28, 
includes a cathode-ray tube, a sawtooth sweep 
generator, horizontal and vertical deflection 
amplifiers, and suitable controls, switches, and power 
supplies. Let's discuss the cathode-ray tube first. 

10-63. Cathode-ray tube. The heart of any 
oscilloscope is the cathode-ray tube. This is a special 
type of electron tube in which electrons emitted by 
a cathode are focused and accelerated to form a 
narrow beam having a high velocity. The direction 
of this beam is then controlled and allowed to strike 
a fluorescent screen (see fig. 29). light is emitted 
at the point of impact to produce a visual indication 
of the beam position. The electronic process of 
forming, focusing, accelerating, controlling, and 
deflecting the electron beam is accomplished by the 
electron gun. The gun consists of a heated cathode, 
a grid, a focusing anode (anode No. 1), and an 
accelerating anode (anode No. 2). Also contained 
in the tube is a deflection system for controlling the 
direction of the beam coming from the electron gun. 
All of these elements are contained in an evacuated 
glass bulb with a fluorescent screen. As you can see 
in tiie figure, the inside of the glass bulb is partially 
covered with an aquadag (graphite) coating. The 
aquadag provides a return path for electrons, and, 
at the same time, serves to electrostatically shield the 
electron beam from external electrical disturbances. 
Now that you have an idea of the elements contained 
in the cathode-ra^tube, let us take a closer look at 
its electron gun, the beam deflection, and its 
fluorescent screen. 



10-64. a. Electron gun. The simplified form 
of the electron gun, shown in figure 29, provides a 
concentrated beam of high-velocity electrons. The 
cathode is an oxide-coated metal cylinder, which, 
when properly heated, ^ emits electron s. These 
electrons are attracted toward the accelerating and 
focusing anodes because of their high positive 
potential with respect to the cathode^-Jj^ order to 
reach these anodes, the electrons are forced to pass 
through a cylindrical control grid having a tiny 
circular opening which concentrates the electrons and 
starts the formation of the beam. Electrons leaving 
the control grid opening are strongly attracted by the 
positive charge on the focusing anode (anode No. 1) 
and the accelerating anode (anode No. 2). These 
anodes are also cylindrical in shape and have small 
openings to permit electron beam passage. Between 
these anodes is an electrostatic field which influences 
the" path of the electrons. ^ 

10-65. b. Beam deflection. Electrostatic beam 
deflection is accomplished through the use of two 
pairs of parallel plates located on each side and above 
and below the beam. Two plates are horizontally 
oriented so that they are perpendicular to the two 
vertical plates. Thus, the electrons must pass between 
each &t of deflection plates. J^f no electric field exists 
^between the plates of either pair, the beam will 
follow its normal straight line path, and the resulting 
spot will be at or near the center of the screen. A 
voltage potential applied to one set of plates will 
cause the beam to bend toward the plate that has 
the positive potential and away from the plate that 
has the negative potential. The bending is in direct 
proportion to the amplitude of the voltage applied 
to the plates. The second pair of plates influence 
the beam in the same manner, except that the 
bending occurs in a plane perpendicular to the first. 
A voltage that is variable and recurrent with time, 
when applied to either set of plates, will cause the 
spot to move back and forth across the screen along 
a straight line. 

10-66. c. Fluorescent screen. In order to 
convert the energy of the electron beam into visible 
light, the area^where the beam strikes is coated with 
a phosphor chemical. When bombarded by electrons, 
this coating has the property of emitting light. This 
property is known as fluorescence. The intensity of 
the spot on the screen depends upon the speed of 
the electrons in the beam and the number of 
electrons that strike the screen. In most cases, the 
intensity is controlled by- varying the number of 
electrons that reach the screen. All fluorescent 
materials have some afterglow which varies with the 
screen material and with the amount of energy spent 
to cause the emission of light. The length of time 
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required for the^light output to diminish by a given 
amount, after excitation has ceased, is the persistence 
of the screen coating. The classification of screen 
materials is in terms of long, medium, or short 
persistence. White and blue-white phosphors, of 
short and very short persistence, are used where 
photographic records are taken of screen patterns. 
For general service work where visual observation is * 
"important, a green phosphor having medium 
persistence is used. In viewing a line or pattern that 
is traced by a moving jpot of light, the persistence 
of human vision, as well as rhat of the screen 
material, plays an important part. When the pattern 
is retraced at a rate of 16 times a second, the 
persistence of the eye retains the image from each m 
previous sweep. Therefore, the spot in its movement 
is no longer distinguishable as a spot, and the path 
traveled appears as a continuously illuminated line. 
In the case of long persistence phosphor materials, 
the persistence of the screen (rather than that of the 
eye) will govern, and the scanning rate required to 
produce a solid line will be substantially lower. 

10-67. Power supplies. ' High-voltagq and 
low-voltage power supplies are required for* the 
operation of the oscilloscope. As may be seen in 
figure 28, the high-voltage power supply is used to 
provide operating potentials to the cathode-ray tube. 
Tile low-voltage power supply is used to supply 
operating potentials to the associated oscilloscope 
amplifiers and os^^ftors. 

10-68. The qinpsit of the high-voltage power 
supply is usually over 1000 volts dc, depending upon 
the size of the cathode-ray tube. Its polarity is 
negative to permit the second* anode and the 
deflection plates to be operated at ground potential. 
Half-wave rectification and a simple 
resistance-capacitance filter network are used for 
these high-voltage applications, because the current s 
used to operate the cathode-ray tube is very small. 
A voltage divider, which includes the focus, and 
intensity controls, provides the necessary operating 
potentials for the various cathode-ray tube electrodes. 

10-69. The output of the lc>w-voltage power 
supply is usually in the 250- to 400-volt range, 
Full-wave rectification and a pi type filter network 
are used in this power supply because of the 
moderate current, good regulation, and low-ripple 
voltage requirements. 

10-70. As an experienced technician, you 
should warn your personnel not to operate an 
oscilloscope with the case removed. Doing so exposes 
high voltages and could lead to a fatal shock. 

10-71. Vertical and horizontal amplifiers. The 
^vertical and horizontal deflection systems of the 
cathode-ray tube are relatively Insensitive. TH'ey 
require voltages on the order of several hundred volfs 



for full-sca§? deflection. Therefore, it is necessary * 
to use amplifiers to increase the amplitudes of the 
test signal voltages for both the vertical and 
horizontal, deflection plates, so that low-amplitude ' 
test signals may be effectively presented. 

1 0-72. Most oscilloscopes use a cathode 
follower input stage, followed by a push-pull 
amplifier, to obtain better linearity at the' output of 
the vertical and horizontal deflection channels. "One 
of the most important advantages of usijtg^ptidi^m^ 
amplifiers, instead of single-ended amplifiers, ijjfia\ 
the deflection plates produce a uniformly balanced \ 
field with respect to the second anode of the 
cathode-ray tube. Also, the push-pull amplifier can 
deliver twice as great an output signal ^ a 
single-elided stage. This mode of operation also tends 
to reduce the noise generated in the oscilloscope 
amplifiers. In this way it reduces the addition of 
internal noise to the noise picked up in truest leads 
of the scope or circuit under test. 

10-73. Sweep generator. When you are 
analyzing a waveform on the screen of a cathode-ray 
tube, you should bear in mind that the unknown 
signal is always plotted as a function of another signal 
whose characteristics are known. In most * 
oscilloscope applications, the unknown signal is 
applied to the vertical axis and the sweep generator 
signal is applied to the horizontal axis. The 
conventional form of time base sweep is the sawtooth 
waveform. When applied to the horizontal deflection 
plates of the cathode-ray tube, the sawtooth produces 
a horizontal movement of the electron beam that is 
a direct measure of time as the spot moves from left 
'to right. In order that time may always be indicated 
from left to right, the spot is returned to the left 
side oLxhe viewing area a^ the completion of each 
^sweep. When the pulse rate or frequency of the 
sawtooth time base is adjusted to synchronize with 
the unknown-signal applied to the vertical deflections 
plates, the time variation or waveform of that signal 
is traced upon the cathode-ray tube. The sawtooth 
sweep voltage is produced by the circuitry which is 
included as part of the oscilloscope. This circuitry 
is known as the sweep, or time base, g^irj,tor. By 
now you should have a good understanding of the 
basic function of each of the major units in figure 
28. " * 

10-74. Just like any o^ther electronic device, the 
oscilloscope is subject to limitations and 
malfunctions. In the next paragraph we will discuss 
some of the safety precautions that must be exercised 
when operating the oscilloscope. These are in 
addition to the one previously mentioned; that is, 
not operating the oscilloscope with its case removed. 

10-75. Safety precautions. When using the 
oscilloscope, it is jdvis3blc to use extreme caution 
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when handling the cathode-ray tube. The glass 
envelope of the tube is under a high vacuum. Any 
undue stress or rough handling can cause serious 
injury due to tube implosion. When handling broken 
cathode-ray tubes, avoid direct contact with the glass. 
The fluorescent coating of the catliode-ray tube is 
extreinclv toxic. 

10-76. When operating the oscilloscope, you 
must not permit a bright spot to remain in a 
stationary position on the fluorescent screen. The 
e.nerg\ of the electron beam concentrated in a small 
area will burn the screen coating. Tliis concludes 
our discussion of the oscilloscope. Next, we will 
discuss the frequency meter. 

1 0-77. Measuring Frequency. in some ac 
systems it is necessary to know the frequency of the 
voltage source. The two types of frequency meters 
suitable for this purpose are thr dynamometer type 
and the vibrating reed type. The dynamometer type 
uses the electrodynamometer principle. The vibrating 
reed type is an electromechanical instrument. 

10-78. Dyi i am om eter-type frequency m e ter. 
This type of frequency meter uses a dial and pointer 
to provide a visual indication of the frequency being 
measured. These are shown in figure 30. The 
commonly used frequency meter is the type A-L It 
includes^ a basic dynamometer type of frequency 
meter circuit, also shown in figure 30. r When no 
voltage is applied to the meter, the pointer rests on 
a stop at the end^of the scale (350 Hertz). (Many 
of the older meters will stiJl be calibrated in cps.) 
With the power off, the meter is adjusted to 350 
Hertz by means of a zero-adjusting screw located on 
the front of the movement. The moving coiJ B of 
the dynamometer type movement is pivoted and 
under spring tension. Its position is determined by 
the actions of coils A and C. Coil A has a core, 
and is in scries with a capacitor in the line. At any 
instant, coiJ A will have a polarity tending to rotate 
the moving coiJ to tiic right. Coil C has no core, 
(other than air) and is in series with both the- moving 
coil and two current-limiting inductors., Coil C tends 
to rotate the moving coiJ to the left at any instant 
that current flows through it. Two limiting inductors 
are used rather than one; they arc assembled adjacent 
to one anothej in k such a manner that the exterior 
field of one will cancel the exterior field of the other. 
Thercfori/. their exterior fields have no appreciable 
affect on the moving coiJ. 

10-7*0. As the frequency of the voltage applied 
to the 'meter is increased, the current through the 
limiting n Juctors is decreased. Therefore, the current 
in field o' coiJ C and in the moving coil is reduced 
because „of the increased reactance of the limiting 
inductors The current flow through the capacitor 



and the field coil (coil A) increases considerably, 
because this coil and capacitor combination 
approaches a series-resonant circuit at some 
frequency above 450 Hertz. The sharp increase in 
current will magnetize coil A strongly enough to 
deflect the pointer to the right. The amount of 
deflection will be directly proportional to the 
increase in current through the iron-core field coil; 
this increase, of course, depends upon the increase 
in frequency. Such a meter can be calibrated to 
directly indicate the exact frequency. In this system, 
the current does not increase at a uniform rate but 
increases more rapidly as resonance is approached. 
Therefore, this typtfjof mete*r can be used for only 
a small frequency range. 

10- 80. Vibrating reed type frequency meter. 
The vibrating reed type meter contains an 
electromagnet mounted near a metal plate. When 
the electromagnet is energized with alternating 
current, vibrations are set up which are identical in 
period with the flux reversals caused by the 
alternating current in the coil. The vibrations are 
transmitted to a metal plate, part of which consists 
of a set of carefully balanced metal reeds. The plate 
(A) and a vibrating reed (B) are shown in figure 31. 
Each reed is tuned to vibrate excessively at one 
particular frequency. If more than one reed is 
vibrating, the one vibrating the most indicates the 
nearest correct frequency, as shown on the dial (C). 

1 1. Spejcial Aircraft Power Systems Test Equipment 

11- 1. Many of the measurements you will be 
required to make on some of the newer type aircraft 
would be difficult ^o perform with a common meter. 
For this reason many special purpose systems testers 
have been developed. In the following paragraphs 
we will discuss two testers that are used to check 
the ac power systems on the fighter aircraft. 

1 1-2. Electrical Power Test Set. The PSM-20B 
electrical power test" set, shown in figure 32, is 
designed to be used during flight line checkout and 
troubleshooting of the aircraft electrical power 
genera tifiglystem. Connection to the aircraft is made 
through two test cables to test receptacles in the rear 
cockpit, as shown in figure 33. In order to check 
out the aircraft power generating system, the aircraft 
engines must be operating, and external power must 
be applied to the aircraft. The test set is capable 
of checking the outputs of the aircraft generators 
either individually or in parallel. The generator 
outputs are checked for correct voltage, frequency, 
and phase relationsliip. The reactive generator loads, 
generator protective circuits, and control voltages 
may also be monitored. The AN/PSM-20B test set 
may also be used on aircraft that have 40 and 60-kv-a 
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generating systems. 

11-3. Control panel. \s you can see in figure 
32, the control panel consists of two kilowatt-kilovar 
meters, one ac voltmeter, one frequency meter, and 
one dc voltmeter. The six indicator lights provided 
on the control panel monitor generator phase 
sequence, generator synchronization, and aircraft 
electrical control circuitry. Switches are also provided 
to select the various circuits to be monitored by the 
test set and to introduce faults into the aircraft 
circuits for the purpose of testing various aircraft 
protective devices. 

114. Because of the design of the wiring 
harnesses used on the F-4C and newer aircraft, many 
of the terminal strips, connectors, and junctions 
which were on older aircraft have been eliminated. 
With these troubleshooting test points eliminated, the 
use and operation of special aircraft systems testers 
are of prime Importance to the electrical technician. 
To help the technician, the electrical systems 
technical order has a list of malfunctions that may 
be encountered, and a logic tree for each 
malfunction. 

11-5. Use of logic trees. When making a 
functional check with the test set, make all checks 
in sequence. When one of the steps in the sequence 
does not check out, stop at that step. Next, make 
a note of this particular symptom, and, by using the 
table of malfunctions, be able to locate the applicable 
logic tree. For example, let us say that the generator, 
voltage is not within allowable tolerance. He should 
then find this symptom in the table of malfunctions. 
Once found, this table will refer him to logic tree* 
number 6. 

11-6. The logic tree provides you with a means 
to logically pursue a trouble to a satisfactory 
conclusion by the process of elimination (see fig. 34). 
First the symptom is defined. Next, tests are chosen 
so that results will begin with the branches of a tree 
in the most logical order of occurrence. Notice in 



the figure that the first step is to check the static 
exciter regulator. You may be asked if continuity 
exists through all pins. If the answer is no, you will 
have to replace the static exciter regulator If the 
answer is yes, a check of the generator control panel 
will be necessary. Thc^ logic tree breaks the system 
down into subsections. These subsections can be 
checked as separate systems. By eliminating 
subsections, the trouble can be isolated to the section 
of the system which docs not work, and tins, in turn,- 
can be traced to a specific unit. \^ 

11-7. El ec (rival Po we tyJRQfa I /an icss. The 
electrical power test harness (see fiff 35) can be used 
to perform a generator system functional cl ock. It 
can also be used to great advantage in trouble . tooting 
system faults to a specific system compon nt. 

11-8. A lockout switch (the center one in the 
groupxof three in the lower left corner) is provided 
to override the lockout relay in the control panel. 
This etratffes troubleshooting of an overvoltui'C fault. 
An underspeed switch (USS. just to the right of the 
lockout switch) is provided to override the 
underspeed switch in the constant-speed drive wiien 
troubleshooting an underfrequency fault or a 
defective underspeed switch. This tester also has test 
points which provide electrical connections to the 
control panel receptacle for measuring contiol panel 
output voltage while the generating system is in 
operation. As with any tester, you must use the TO 
instructions with this piece of equipment. 

1 1-9. The test harness can be used on the [light 
line as well as for bench testing the generating system. 
The electrical power test harness is capable uf a more 
thorough testing of the constant-speed dr:ve and 
related circuitry than the PSM-20B tester. l ; or this 
reason, the test harness is used mostly for in-shop 
testing. The electrical power harness lias a functional 
checklist for Right line and in-shop applications. 
With each, of these checklists, a logic tr^ee is provided. 
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ANALYZING COMPLEX DC* CtRCUITS x 



HOW MANY TIMES have you heard the squawk box 
from workload control sing out, "Dispatch a 7 level 
10 545 spot 20, on the double"? The fact that you 
are reading this chapter means that you are about 
to become the expert for your shop. You are soon 
to become the guy who^gets the rough ones, and 
you will be expected to fix them in half the time. 
What is it that makes a 7 level so great, on the job? 
You must be able to look at the symptoms of a 
malfunction, apply some basic logicaJ thinking, and 
come up with the answer, 

2. In this CDC we cannot give you the. 
experience which you should have gained thus far, 
but wc can help you in the area of fundamental 
knowledge, it lias been some time since you attended 
tech school. Many of the things you learned have 
slipped deep into your memory. We will help you^ 
by giving a bricj review of things you know, and then 
bring in some new material. 

3. With the swing to solid state control devices 
in our modern aircraft, it is necessary to put more 
emphasis on dc circuits. Transistors and their * 
associated circuits are generally dc circuits. As you 
troublesiioot these complicated circuits, you will have 
to apply some of the basic laws of electricity to arrive • 
at a quick fix for the circuit. -In thi/chapter we 
have covered many of the knowledges that will help 
you troubleshoot complex dc circuits. The first 
subject is thai of magnetic circuits.. 

12. , Magnetic Circuits 

121. The forces which arc .responsible for the 
wondeis of electronics arc invisible electric and 
magnetic forces. These are the forces which make 
possible the operation of electric motors, generators, 
lights, doorbells, measuring equipment, and other 
elcctricaJ apparatus. They are the invisible forces 
which enable energy to travel through space at the 
speed of light. In this section we will deal with the 
effects associated with magnetic forces and they 
applications of these forces in magnetic amplifiers. 

12-2. Hieories of Magneri&n. When a bar 
magnet, such as the one shown in part A of figure 
36, is broken into two separate parts, as in part B 
of figure 36, you can see that each piece will have 
two poles. The piece which contains the north pole 



of the qriginal magnet will have a south pole at the 
end where the break occurred. In like manner, the 
piece containing the south pole of the original magnet 
will have a north pole at the end where the break 
occurred. Each .of the two pieces can be broken 
again, and you would have four magnets. This shows 
that each time a magnet is broken, a new pole is 
established at the newly broken end.* This new pole 
is the opposite polarity of the other end. If you 
could continue to break the magnet in half until 
molecular size was obtained, you would find that the 
tiny molecule was a magnet. It would have its own 
magnetic field pid both a north and a south pole. 
These tiny magnets, which are so small that they 
cannot be seen with a microscope, are the, basis for 
the molecular theory of magnetism. 

12-3. "Molecular theory. The molecules in 
material not yet magnetized are thought of as being 
jumbled at random with no definite order. This is 
illustrated in part A of figure 37. Considering that 
the molecules are small magnets, you might expect 
them to automatically align themselves to form a 
larger magnet. There are several reasons why this 
does not occur. Even though the magnets tend to 
line up with their unlike poles facing each other, it 
does not mean that they will line up in a direction 
that will provide a maximum magnetic field. Internal 
stresses in the iron or steel can override the small 
magnetic fields of these magnets and hc5d them in 
their haphazard alignment. Many other factors also 
combine* to keep the magnets in their haphazard 
positions, as shown in part A of figure 37. 

1 2-4. The process of partially or fully 
magnetizing a steel bar consists of bringing it into 
contact or under the^yijjuence of a magnetic field, 
such as a bar magnet. All the molecules turn, as 
shown in part B of figure 37. An artificial magnet 
can be produced by stroking an iron or steel bar with 
a strong magnet, as shown in part A of figure 37. 
The molecules then line up as shown in part B of 
figure 37. Be sure that all the strokes are made in 
the same direction. Magnets that are created in this 
fashion are only moderately strong. To completely 
magnetize the bar requires a very strong magnetic 
field. You can use an electric current to generate 
the str©ng magnetic field.* 



N 23 



\ 



J 2-5. Careful measurements indicate that a 
substance undergoes a series of changes in length 
when being magnetized. In general, the substance first 
expands and later contracts. This behavior of a 
substance being magnetized (and demagnetized) is 
g known as magnetostriction* 

12-6. The molecular theory of magnetism is 
supported by many facts which can be proven in your 
experience. During your time on the flight line you 
may have had generators lose their residua] 
magnetism. Usually this occurs because the heat in 
the engine area is so great, or the generator has had 
a hard bang. These are facts that point directly to 
the molecular theory of magnetism. However, most 
scientists agree that the theory of % magnetism goes 
into the realm of the atom itself, and is more 
thoroughly explained by means of the ^electron 
theory. 

12-7. Electron theory. The electron theory is 
a very complicated study dealing with the energy 
level of electrons in. orbit. The level of energy 
determines the polarity of spin. Some electrons have 
a positive spin, some a negative spin. The unbalanced 
- conditions in an atom having more positive spin 
electrons is believed to correspond with a north pole, 
and a greater number of negative spin electrons is 
a south pole. This is believed to be the basic reason 
why some materials exhibit magnetic properties: 

12-8. The atoms in ferromagnetic substances 
tend to bond together in an effort to acquire a greater 
equilibrium. They form- domains within crystalline 
structures. A domain contains a maximum number 
of atoms, all oriented with their electron spins 
parallel, and resulting in a small, fully magnetized 
domain. From this point on> the theory is much the 
same as the molecular theory. Under the influence 
of a magnetic field, these domains will align and 
create a magnet. 

12-9. Application of Physics to Magnetic Force. 
The amount of magnetic force surrounding a magnet 
can be estimated roughly by measuring its lifting 
power. However, Ihere are other conditions which 
n cause the lifting, power of the magnet to vary. Some 
of these conditions are: 

The kind Wmagnetic material to be lifted. 

The' shaped the material to be lifted. 

The manner in which the material is 

applied to the magnet. 

The shape of the magnet. 
A more accurate and more commonly used method 
for measuring the strength of a magnet consists of 
measuring the force of attraction or repulsion that 
the magnet exerts on another magnet of known 
strength. 

12-10. Magnetic field. One thing you should 
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remember from tcOh school is that :i magnetic field 
has direction. Tim can easily h c b ccn by placing a 
compass near a magnet. The field leaves the north 
pole of the magnet and enters ^he south pole. We 
can say that the Held moves north to south outside 
the magnet, and. south to north inside the magnet. 

12-1 1. Magnetic lines cf force. By experimental 
means, scientists have discovered that ilu mutual 
force between two poles can be expresse 1 by the 
mathematical relationship: 



where F is the force between the two poles, P| and 
P2 are the magnitudes ofthe pole'strengths. d is the 
distance between ^^^0 poles, and p is u constant 
which depends ujMrflie medium surrounding the 
pules. The force expressed by ihis equation can be 
one of attraction (-F) or repulsion (+p). The 
direction of the force depends on whether Pj and 
?2 have opposite signs or the same sign. The 
dimensions of the equation depend upon the units 
in which each factor is measured. In the 
ccntjmeter-gram-second (cgs). system of measurement, 
the force (F) will be expressed in dyncv and the 
distance (d) will be expressed in centimeters. The 
factor M is then specified as 1 in a vacuum, and has 
no dimension, as is the case with Pj and P~, which 
can also be made equal to 1. 

12-12. If values are substituted for trie basic 
equation previously given, the results arc as follows: 

F = ±JLJ = , dynt . 

I X 1 cm" 

Tliis is now the standard equation for the unit pole 
and can be stated. "When any two like poles of equal 
'strength are placed m a vacuum, I centimeier apart, 
They will repel each other with a force of t i dyne." 

12^13 Coulomb's law. From this basic study 
of the theories o! magnetism, you will >,cl a direct 
connection to all the areas of electronic. Charles 
Coulomb discovered experimentally that the force of 
the attraction or repulsion between two point charges 
of magnitude or strength Qj and Q^, separated by 
a distance of d, can be calculated. The equation you 
studied in the preceding paragraphs is an application 
of Coulomb's law, 

12-14, Let us put it to work on a problem 
using two bar magnets. There are two bar magnets 
that are 10 cm in length shown in figure 38. They 
are separated by 1 0 cm and they have their north 
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poles facing each other. The pole strength for each 
magnet is Pj = 30 and ?2 = 20. One tiling to keep 
in mind, as you work a problem like this, is- that 
<each pole of the magnet has an effect on both poles 
of the other magnet. Let us take the two north poles 
first. By following the equation for Coulomb's law, 
we find our problem to look something like this: 



F = 



30 X 20 
10 2 



600 



dynes of repulsion 
(like poles repel) 



100 



6 dynes of repulsion 



Remember, this is just for the north poles of the 
circuit. To compute the south poles we would solve: 



30 X 20 
30 2 



dynes of repulsion 



F = 



600 
900 



= A- 
9 



2/3 dyne of repulsion 



***** 



Total force of repulsion in this circuit would be 6 
2/3 dynes. This is only half of the total circuit. We 
must compute the attraction forces, also. 

12-15. In this problem the magnets are the same 
length. Therefore, we can compute the attraction of 
one pair of poles and double it. If the magnets were 
of/different lengths, we would have to compute each 
force. The problem is set up the same: 



p = 30 X 20 



20^ 



^ em 



= dynes of attraction 
(unlike poles attract) 



I ___L dynes of attraction 



400 



Since the magnets are the same length and im. are 
gom&to double the total force, the attraction wj|u Id 



be: ^ 



] X 2 - 3 dynes of attraction for the circuit 

2 



The forces of attraction and repulsion are opposite, 
so the total force for the circuit will be the difference 
between the two. This means that, with 6 2/3 dynes 



of repulsion and 3 dynes of attraction, the resultant 
force is 3 2/3 dynes of repulsion. 

12-16. Being able to compute this problem will 
give you some insight of the interaction of magnetic 
forces. These forces are used in all the circuits on 
which you will work as an electrician. You may never 
have the need to compute such a circuit on the flight 
line. But, by knowing how, you can more easily 
understand how a circuit operates. These forces exist 
between electrons as wel] as magnets. They are the 
real key to such things as voltage generation, relay 
operation, and many of the electronic applications. 
One such * device is the magnetic amplifier. By 
studying this unit, you can see these forces being put 
to work. 

12-17. Magnetic Amplifiers. Magnetic 
amplifiers (mag amps) usually consist of such 
components as inductors, dry disk rectifiers, and 
resistors. These components are often potted in a 
single case. When operated 'within their design 
characteristics, they are extremely reliable* suffer 
little deterioration with time, and are exceptionally 
rugged. The amplifiers are well suited for use in 
control systems which are subjected to shock and 
vibration. An example of this is our fire warning 
systems. 

12-18. The basic operation of the magnetic 
amplifier has already been covered in your previous 
training. However, we will review and expand upon 
its operation. * It is an important controlling device 
for you to understand because it is used for many 
of the electronic circuits you are required to 
maintain. 

12 : 19. The operation of a mag amp is based 
on the nonlinear B/H characteristics (the explanation 
follows) of magnetic core material. When the 
characteristic is plotted, it is known as the B/H curve, 
magnetization curve, or hysteresis loop. The B 
represents flux density, a measure of the amount of 
magnetization. H stands for the magnetizing force (or 
magnetic field intensity). Now look at figure 39. If 
the magnetizing force, H, is increased from zero 
(point 0) to a value K, as shown in part A of this 
figure, the flux density, B, increases linearly. 
However, as H is further increased, the core material 
becomes saturated, and a point is reached where a 
further increase in H gives no increase in B. As you 
increase the magnetizing force in the opposite 
direction the other half of the B/H curve is formed. 
The curve will vary in appearance with the type of 
core material used. 

12-20. The basic reactor (a name commonly 
used for the transformer of the magnetic amplifier) 
consists of three windings on an E-type core. This 
arrangement is shown in figure 40. The center 
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winding is the control winding and receives the 
control voltage. This voltage must be dc and is made 
variable by using a rheostat. The two outside v 
windings are the controlled coils. They are connected 
in series-aiding and are placed in series with the load, 
as shown in figure 40. 

12-21. With no current flowing in the dc 
control winding, the current flowing through the load 
is small because of the large inductance exhibited by 
the reactor. When dc is fed through the control 
winding, a residual flux appears in the core. The 
change in flux density decreases, resulting in less 
impedance to the load. By varying the dc control 
current from zero to saturation, the impedance in 
the ac circuit may be made to vary from a high value 
to almost zero. Any dc current change in the control 
winding causes a corresponding ac current change of 
grealer value. Therefore, this circuit exhibits current 
gain Characteristics. By connecting the ac windings 
in parallel, as shown in part A of figure 41, the loads 
can be handled with medium to high current 
consumption. However, the amplifier with parallel ac 
windings has somewhat slower response 
characteristics. Part B of figure 41 shows a variation 
that allows the use of a dc load. A bridge rectifier 
is used in the ac circuit to provide dc to the load 
while keeping any dc component of current out of 
the ac winding, thus preventing self-satu ration. This 
arrangement is used in many of our circuits. 

12- 22. We have' discussed, to some degree, the 
basic forces behind this phenomenon called 
electricity. In our discussion, we have ' made 
application of some of these principles. You, as a 
7-level electrician, must be fully aware of what makes, 
a circuit tick. This knowledge will make you a better 
electrician. In the next section of this chapter there 
is a review of some of the fundamentals involving 
conduction. If it is known what makes the electron 
move, the next step is to find out what can hinder 
that movement or make it easy. You must be able 
to analyze conduction. 

13. Analyzing Conduction 

13- 1. Of course you remember Ohm's law from 
your previous training. You know how to find the 
values of current, resistance, and voltage in simple 
circuits. As you know, the aircraft contains very few 
of these simple circuits. As a 7-level electrician, you 
must be able to analyze any type of circuit quickly 
and with a minimum of known values. This process 
takes some logical thinking on your part. You must 
have a good grasp of the relationships between such 
things as voltage, current, resistance, point of 
reference, and polarity. In this section we will briefly 
review some of the basic laws and then show you 



some new ones. 

» 13-2. DC Currents and Voltages. All types of 
electrical currents and voltages have one thing in 
common. They have an interrelationship between 
variations in amplitude and the element of time. 
Amplitude is the characteristic that represents the 
intensity of current or voltage with respect to zero. 
Thus, a current of 5 amperes simply means that the 
magnitude of the current is 5 amperes greater than 
zero. • The time relationship governing the rapidity 
of amplitude of change involves seconds, minutes, 
and hours. 

13-3, Direct current. Direct current is an 
electrical current which moves in only one direction 
and has a constant amplitude characteristic with 
reference to time. There is pure direct current 
since electrical energy depends upon the source of 
powet. The nearest approach to the production of 
pure direct current is the electrical energy obtained 
from the chemical reaction in a battery. Ionic 
transfer and electron motion within a battery occur 
entirely at random on an individual atomic basis. 
There is no way *lo predict the location of the next 
atom which will be ionized, nor is there any way 
"Ho predict the actual number of electrons collected 
on the metallic electrode on an instantaneous basis. 
However, the actual nuriiber of electrons produced 
in the chemical reaction of the battery can be 
measured and predicted with a high degree of 
precision. The average number of electrons making 
up the electrical current is a measure of the amplitude 
of the direct current. Current is measured in 
amperes. 

13-4. Direct current is unidirectional, that is, 
it can move in only one direction. This direction 
is always from negative or positive points. However, 
a reference point having the symbol ^ is always 
chosen in the associated circuit, so that the direct 
current is always moving toward or away from the 
reference point. The positive or negative signs affixed 
to a ' current value indicate the direction of the 
current with respect to the reference point. 

1 3-5 . Direct voltage. Direct voltage is usually 
called dc voltage. It is a unipolar (single direction) 
electrical force of constant amplitude. The terminals 
of a battery are oppositely charged, one being 
negative and the other positive. When the reference 
point ' is assigned or connected to either battery 
terminal, the battery is said to be poled or polarized. 
That is, all of its electrical force is exerted in one 
direction. If the reference point is located on the 
negative terminal, the battery is poled in the positive 
direction. If the reference point is on the positive 
terminal, the battery is poled in the negative 
direction. Therefore, the voltage can be made to have 
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either a positive or negative polarity. 

13-6. Ohm's Lav;. The relationships of current, 
voltage, and resistance were first demonstrated by 
Georg Simon Ohm, a German physicist. He 
performed a series of experiments which 
demonstrated two items. One was the way voltage 
is distributed through a circuit. The other was the 
relationships of voltage, current, and resistance. 
Ohm's law states that the current in a circuit is 
proportional to the voltage and inversely proportional 
to the resistance. This relationship is best stated in 
the following equations: 

E = 1 X R 

- 1 - £ 
R 

■ R = * 
I 

\ 

E denotes voltage, I denotes current, and R demotes 
resistance. You should remember how to use these 
equations in the "magic circle." However, some 
problems whieh seem simple are not as easy as yous 
might think. Ohm's law will not always solve your 
problems. You should also be familiar with 
Kirchhoff's laws. 

13-7. Kirchhoff's Laws, Methods of treating 
complex circuits are based on Kirchhofrs laws. His 
laws are simple to state, but the methods of applying 
them are often quite difficult. Briefly stated, the two 
laws of Kirchhoff ,are as follows: 

The algebraic sum of the currents at any 
junction of conductors is zero. 

- - The algebraic sum of the applied voltages and 
of the voltage drops around^any closed circuit is zero. 

13-8. Kirchhoff's first law. The algebraic sum 
of the currents at any junction of conductors is zero. 
This law can be restated as follows: the amount of 
current entering a junction must be equal to the sum 
of the current leaving it. This law is actually a 
consequence of a more general one known as the 
principle of charge conservation. For example, 
assume that a current (Ij) of 1 ampere flows toward 
point A of figure 42, and a current of s/ amperes 
(I2) flows away from point A. What is the current 
(lg) flowing between points A and B? 

13-9. Using a minus sign to represent a current 
flowing into a junction, and a plus sign to represent 
a current flowing away from a junction, current Ij 
becomes -1 ampere and current ^ becomes +5 
amperes. Since the algebraic sum of the currents 
must equal zero, an equation can be written as 
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follows: 




Ij + I 2 + I 3 = 0 

t 

Subtracting I3 from both sides of the equation yields: 

ij + 1 2 + 1 3 - 1 3 - 0 - 1 3 
+i, + i 2 = -i 3 

Then multiplying both sides of the equation by a 
-1 to make the -I^ positive yields: 

- 1 ! \ = h 



Substituting known values for the currents Ij and 
I 2 results in: 

- (-1) - (+5) = I 3 
-4 = I 3 

This shows that -4 amperes is the value of the current 
flowing between points A and B. The minus sign 
shows that the current is flowing into junction point 
A. This is obvious since 1 ampere is arriving at 
junction A at the same time that 4 more amperes 
are arriving at junction A. Both currents join each 
other to leave the junction as 5 amperes. 

13-10. Kirchhoff's second law. The algebraic 
sum of the applied voltages and the voltage drops 
around any closed circuit is zero. In order to 
understand what this law means, refer to figure 43. 
Assume that the current is flowing in the direction 
shown by the solid line arrow. The starting point 
and the direction are purely arbitrary, since tb 3 
algebraic sum is zero. Starting at point A, and passir.g 
through the 100-volt battery, there is a voltage rise 
of +100 volts at point B. The current must pass 
through the 10-ohm resistor before it can arrive at 
point C. Since voltage is equal to IR, you can write 
•101 as the voltage drops across the 10-ohm resistor. 
Leaving point C, the current must pass through the 
5-ohm resistor before it can reach point D. The 




voltage drop is -51. Leaving point D, the circuit 
current must pass through the 50-volt battery before 
it can arrive at point E. So, from D to- ^ there is 
a rise of +50 volts. In the circuit from E back to 
A there is a negligible voltage drop. Recording all 
data for the various circuit points you will get: 

A to B +100 volts 

B to C -ltfl volts 

C to D -51 volts 

D to E +50 volts 

E to A +0 volts 
Since the algebraic sum must be equal to zero, equate 
the voltages in the circuit to zero as follows: 

+100 -101 -51 +50 + 0 = 0 

+150 -151 = 0 

150 = 151 

I = 10 amperes 
Now that the value of 1 is known, it can be 
substituted in the original equation to check the 
algebraic sum of the voltages as follows: 

+ 100 -10X10 -5 x 10 +50 +0 = 0 
+ 100 -100 -50 +50 = 0 
0 = 0 

Thus, the algebraic sum of the applied voltages and 
the voltage drops do equal zero. 

13-11. Now assume the current direction to be 
in the direction indicated by the dotted-line arrow. 
This direction is opposite to that assumed previously. 
To show that the starting point is arbitrary, start at 
point C and work your way around the circuit. 
Although you may reverse the signs of the values, 
the answer you will* get ^ is still the same. The 
direction of current flow assumed and the starting 
point in the circuit are immaterial as long as you 
are consistent in the application of the principles 
involved. 

13- 12. These are just a few of the laws that 
you must deal with as you troubleshoot on today's 
modern aircraft. There are many more laws that you 
should be familiar with to really understand the 
operation of solid state circuitry. However, let us 
put these to work on some of the circuits that have 
given electricians the most trouble over the years. 
Two of the most difficult' and yet most commonly 
used circuits are the bridge and the mesh circuits. 
These circuits are classed as complex dc circuits. 

14. Complex DC Circuits 

14- 1. One of the hardest things for an 
electrician to remember when he starts to 
troubleshoot electronic circuits is that the point of 
reference is not fixed, as it is in the simple circuits. 
Voltages in solid state circuits may be positive or 
negative, depending on the reference point you select. 
In many cases, as you troubleshoot you will 
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determine the point of reference by where you place 
your meter leads. We will start with the bridge circuit 
to discover just how important (his point of reference 
is to a troubleshooter. 

14-2. Bridge Circuits. As shown in figure 44, 
a resistive bridge* circuit consists of two parallel 
circuits containing two series resistors in each arm. 
Resistor R^ is the bridge resistor. Suppose chat the 
resistance values for Rj, R2, R3, and R4 are all equal, 
and for the time being, assume that the bridge 
resistor does not exist. When the applied vultage is 
connected to junction points 1 and 3. the voltage 
across all four resistors will be equal. Of course the 
reason for this is that the resistance values are the 
same. In reference to junction point I. one-half of 
the applied voltage will be present at junction point 
2. Also, with respect to junction point 1. nne-half 
of the applied voltiige will be present at junction 
point 4. Therefore, there is no difference in potential 
between junction points 2 and 4. 

14-3. The total current arriving at junction 
point 1 divides into branches A and B according to 
the resistance of the branch circuits. Because the 
resistance in branch A of the circuit is equal to the 
resistance in branch B, the current divides equally. 
The current flowing past point 2 is the same as that 
flowing past point 4. 

14-4. Suppose that resistor R^, which ma,y be 
of any value, is connected across junction points- 
2 and 4. Because the branch resistances were equal 
to begin with, whatever change that takes place at 
point 2 in branch A because of the addition R5 also 
takes place pbnirKh B and point 4. Therefore, the 
resistance of the uppeXdelta (resistors 2, 4. and 5) 
remains &qtfaKjn value 16 the lower delta (resistors 
1, 3, and 5). The addition of resistor R5 has not 
changep the relative value of resistance between 
points \2 and 4 to /f)oint i. 

14^S^BecauseMhe voltage distribution is equal 
across resistartses of equal value, one-half of the 
applied voltage exists from points 2 and 4 to point 
1. If the vojtageslat points 2 and 4 are equal, there 
is no difference in potential across resistor R^. Since 
the voltage is zero across the resistor, there is no 
current flow through \it. The total current then flows 
equally through branches A and B. 

14-6. If branchesV and B are adjusted so that 
the resistances are no longer equal, current flows in 
the bridging resistor. Under these conditions the 
bridge is said to be unbalanced. If the condition 
described in the above paragraphs shows no 
difference in potential between points 2 and 4 to 
exist, the bridge is said to be balanced, and no current 
appears in the bridging resistor. This is the basic 
operation of the bridge circuit. 

50 
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14-7. It may be necessary, as you troubleshoot, 
to compute the resistance of a bridge. You may have 
to compuje the resistance to determine the direction 
of the current through the bridging resistor. One 
means used to compute a bridge circuit is the 
delta-to-star transformation method. This method 
will resolve a bridge circuit to a 'simple series-parallel 
circuit. Now you can use Ohm's law to arrive at 
the vaJues of the circuit. 

14-8. Delta- to-Star Method. While examining 
part A of figure 45, notice that the bridge includes 
a delta circuit inclosed by points ABD or BCD 
Choosing delta circuit ABD, and remembering that 
it can be resolved in the corresponding star circuit, 
you should see that a simple series-parallel circuit w$ 
be obtained. Transforming delta circuit ABD into its 
equivalent star circuit is accomplished as foDows: 



R = 



R l R 5 



R, + R 5 + R 3 



3X2 



+ 2 + 3 



1 ohm 



The circuit now resolves itself into that shown in part 
B of the figure. The total resistance of the circuit 
can be calculated as follows: 



R-r = Ri + 

T b (R. 



2> ( R c + R 4 ) 



a + R 2> 



+ ( R c + R 4 ) 



Ru 



1 X 2 



1+2 + 3 



ohm 



R, R 3 



Rj + R 5 + R 3 




/l A 12 v , 
I + { 3 ~T ) X 6 

~T + 12 + iS 



r t ~r 



1 X 3 



+ 2 + 3 



3.01 ohms 



K = 



ohm 



R 3 R 5 



R, + R 5 + R 3 
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The total current, 1 T , drawn by the bridge circuit 
can be calculated as foDows: 



T R 

T 

= 10 
3.01 

= 3.32 amperes 
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Current I 5 , flowing through bridging resistor R 5 , can 
be computed, but first the voltage applied across its 
terminals must be computed. The total applied 
voltage, E T , less the voltage drop, E Rb , across resistor 
R b will provide the voltage applied to the parallel 
portion of the circuit. Therefore: 



E = E - I R 
T T b 



E D * l DC R 4 
= 1.39 (5) 



= 6.95 volts 



Voltage E 5 , applied across resistor R 5 , is E 5 = Eg 
- E D - 7.7 - 6.95 » 0.75 volt. With respect to point 
C in the figure, point B is 7.7 volts and point D 
is 6.95 volts. Thus, current I 5 flows from point B 
to point D by way of resistor R$. Current I 5 , 
through resistor R5, is: 



= 10 - 3.32 (0.5) 
= 10 - 1.66 
» 8.34 volts 




The current division between the two separate circuit 
branches can now be calculated as ^°^^ s: 1 



BC 



R a + R 2 



8.34 



0.333 + 4 
1.926 amperes 



= 0.375 \mpere 

I- 14-9. A second bridge circuit is shown in part 
A of figure 46. The upper delta may be transformed 
into its equivalent star circuit as follows: 



R 0 R. 



R 2 + R 4 + R 5 



5 X 20 
5+20 + 1 



1 =1-1 
CC T BC 



3.32 - 1.926 



1.39 amperes 



3.85 ohms 



^2 R 5 
R 2 + R 5 + R 4 

5 X 1 
5 + 1+20 



The voltage from points B and D to point C can 
now be calculated as foDows: 



E B a ! BC R 2 



= 0.192 ohm 



5+1+20 
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- 1.926 (4) 



= 7.7 volts 




52 



0.769 ohm 



J 



The total resistance, Rj, of the circuit can now be 
calculated as follows: 

i ( R b » R l> < R c + R 3 } 
R T = R a + (R b + Rj) + (R c + R 3 ) 



= 3.85 + 



(0.192 + 5) (0,769 + 20) 
(0.192 + 5) + (0.769 + 20) 



Voltage Ej across resistor Rj and voltage E3 across r^J 
resistor Ro are/ to be calculated next. 



E l " ! AB R 1 



= 7.66 (5) 



= 38.3 volts 



= 8.00 ohms 



The total current, ly, drawn from the battery is: 



h = 



T 
75 



.00 



= 9.4 amperes 

The voltage, E, applied across the parallel branch can 
be calculated as the total applied voltage, Ey, minus 
the voltage drop across resistance R a . 

E ~ Et- • 1 T R 
T T a 



E 3 * 1 AD R 3 
= 1.74 (20) 

= 34.8 volts 



If junction point A is taken as a reference point, 
point B is 38.3 volts, while point D is 34.8 volts. 
The voltage between points B and D is the difference 
of these two voltages. Because resistor R^ is 
connected across these same terminals, voltage EgTj 
is also equal to E^. 



75 - Q.4 (3.85) 



38.3 - 34.8 



36.2 volts 



Currents I^q and I^g can now be calculated as 
Jbllows: 



AD 



R, + R, 



36.2 



20 + 0.769 
1 .74 amperes 



= 3.5 volts 

Current through resistor R^ is obtained as follows: 
^ E c * 



J 5 = 



R, 



3.5 



I =1-1 
AB T AD 

= 9.4 - 1.74 



= 3.5 amperes 



14-10. The conditions that exist in a balanced 
bridge can be seen by solving the circuit of figure 
47 for current I5 through resistor R5. The first step 
7.66 amperes ^ 0 f coursej to resolve one of the delta circuits into 

, its equivalent star circuit, as follows: 

^ 53 
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Rj R 3 
a Rj + R 3 + R< 



The total applied voltage, Ej, minus the voltage drop 
across resistance R a , will be the voltage, E, applied 
to the parallel arms of the circuit. 



10 X 10 



10+10+5 



4 ohms 



R l R 5 



10 X 5 



10 +10+5 



E = E T - I T R a 



- (10 X 4) 
60 v^tlts 



Calculating branch currents, l^g and yields: 
E 



AB R^ + R, 



= 2 olims 

The circuit resolves into that shown in part B of the 
figure. The total resistance of the circuit is then 
computed as follows: 



R^ 



R a + 



(R b + R 2 ) (R c + R 4 ) 
(R b + R 2 ) + (R c + R 4 ) 



60_ 



= 5 amperes 



'AC 



4 *$ 



4 + 



(2+10) . (2 + 10) 
(2+10) + (2 + 10) 



60_ 
12 



= 10 ohms 



The total current, Ip is calculated next. 



5 amperes 



Voltage E^ across resistor R^ and voltage E^ across 
resistor R 1 are calculated as follows: 

E 4 = l AC R 4 



Rt 



5 X 10 



50 volts 



100 

"To" 



E 2 " *AB R 2 



= 5 X 10 
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10 amperes 



54 36 



= 50 volts 



< 



Voltage applied across resistor is: 




=50-50 

V= 0 volts 
finally, current Ir through resistor R<- is: 




0 

5 



= 0 amperes 

14-11. Mesh Circuits. The other difficult 
circuits mentioned in the discussion on complex dc 
circuits were the mesh circuits. They are g'ood 
examples of difficult circuits which you will have to 
compute when troubleshooting electronic circuits. 
An example of a mesh circuit is shown in figure 48. 
Notice that there are two batteries connected in 
parallel with a 100-ohm resistor connected in series. 
Also, we can see that a complete circuit.. caJled a 
loop, consists of the 50-volt battery, its internal 
resistance (0.3 ohm), and the 100-ohm resistor. A 
second complete circuit or loop is formed by the 
10-volt battery, its internal resistance (0.1 ohm), and 
the 100-ohm resistor. The 100-ohm resistor is a 
common element to both loops. A series of 
interconnecting branches that form complete circuits, 
or loops, its termed a mesh circuit. Please note that 
although you know that electron flow is accepted 
as from negative to positive, we are using it 
differently here simply for the purpose of figuring 
the internal resistance of the batteries before 
considering the external circuit. 

, 14-12. We can solve f£^ the total current in 
a me^sh circuit by using fGrchhoff's law. Since the 
100-ohm resistor is common to both circuits, it will 
be necessary to work two equations at the same time. 
The values of the unknowns will satisfy both 
equations. The equations are called simultaneous 
equations. The number of equations necessary to 
solve simultaneous equations is equal to the number 
of unknowns ^involved. 

34-35. Simultaneous equations are used to solve 
technical problems such as finding the current in 



mesh circuits or calculating the impedance in a bridge 
circuit. Such problems often involve several 
unknown quantities, and an equation for such a 
circuit cannot be written that involves only one 
unknown quantity. The two general methods that 
may be used to solve these equations are addition 
or subtraction, and substitution. You may use either 
of these methods. 

14-14. Addition or subtraction method. 
Simultaneous equations can either be\ added or 
subtracted to eliminate all but one of theiun^nowns/ 
The resulting equation can then be solve*} fpr the 
unknown quantity. The following guidelines can now 
be used to f® the variable quantities in two 
simultaneous equations. 

14-15. Write the equations so that the variable 
terms are on the left-hand side and the constant terms 
are on the right-hand side of the equation. The 
coefficients of one of the variable quantities must 
have an equal-absolute value in both equations. If 
necessary, multiply one or both of the equations by 
a number that will satisfy this condition. 

14-16, If the two coefficients of equal- absolute 
value have like signs, subtract one equation from the 
other. If they have unlike signs, add the two 
equations. The resulting equations will have only one 
variable. Then solve the resulting equation of one 
variable in the following manner. 

14-17. Substitute the value of the variable 
quantity in one of the original equations. Now solve 
for the remaining variable. Check the solution by 
substituting tfte values that have been found for the 
variables in both the original equations. 

14-18. Simultaneous equations 2x = y and 6x 
+ 2y = 25 can be solved as shown below. Write 
the equations as follows: 

*2x - y = 0 (this is the same as 2x = y) 
6x + 2y = 25 

Multiply the top equation by 2 and add the two 
equations. 

4x - 2y = 0 
6x + 2y = 25 
lOx = 25 

5 

X= 2 

Substitute 5/2 for x in equation 2x - y = 0 and solve 
for y. 

**• 

2x - y = 0 
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= 0 



y = 5 

Check the 'solution by substituting 5/2 for x and 5 
for y in the equation 6x / 2y •= 25 

6x + 2y «/25 

6(5/2) + 2(5) = 2*5 

15 + 10 = 25 
V 25 = 25 t 

Thejlfore, the values for x and y satisfy^ both 
equations. 

14-19. Inspection of the circuit in figure 48 
shows all of the open circuited battery voltages; these 
are the applied voltages. All of the resistor values 
are shown, and you may compute the circuit currents 
using Kirchhoffs law. The voltages around loop 
ABCDEHA, according to Kirchhoffs law, are: 



-100I R + 10 



.llj = 0 



The voltages around loop ABCFGHA are: 

£-100I R + 50 - 0.3I 2 = 0 
the circuit current F R consists of a current Ij 
ted to the 100-ohm resistor by the 10-volt 
battery,' and a current I 2 delivered v to the same 
resistor by the 50-voit battery. Applying Kirchhoff's 
law, you will obtain: 

I R = Ij +I 2 

Three equations having three unknowns, and 
rearranged, will appear as follows: 




100.11, + 100L = 10 



Similarly, for the second equation: 



100 (K + \ n ) + 0.3 L, = 50 



1001, + \00l n + 0.3U, = 50 



1 001, + . 100.3 I n = 50 



.14-20* Substitution method. We' will use 
another method to solve the simultaneous equation, 
the -Substitution method. .First, select one of the 
resulting equations which can be used to solve for 
the value of 1 0 in terms of I j, as follows: 



100. 1 1 j + 100I 2 "= 10 



10 - 100.11, 



100 



1001 R + O.llj 



1001 



R + 0.3I 2 = 50 



+ I 2 = 



l R 



1 



In the above equations we have threes-unknowns. 
Before we can work the problem we must reduce 
that to two. We can do this by substituting for 1 R . 
Since in the equations we have shown that I R = Ij 
+ I 2 , where I R appears we can substitute (I| + I 2 ). 
Thus, the first equation would be as follows: 

100 (Ij + I 2 ) + O.llj = 10 



VThft^an now be used as a substitute in the other 
n/sultant equation to eliminate another unknown 
quantity, as follows: 



1001, 



v V° ' 100 ' 1I i ) 
+ 100> ^ — 



= 50 



100001, + 100.3(10 - 100. 1 1 ! ) = 5000 



1 00001 ! + 1003.0 - 10040.031 j = 5000 



iooi 1 + iooi 2 +^0.1^ - 10 



-40.031 



3997 
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j = 3997 
J ~ -40,03 



I j = - 99.8 amperes 



Substituting the value of current Ij into the second 
equation and solving for the value of 1 2 yields: 



E 2 = I 2 R 

= 100 X 0.3 
* = 30 volts 

E R r I T R 

= 0.2 X 100 
= 20 volts 



,i 100 (-99.8 ) + 100.31 2 = 50 
• 9980 + 100.3I 9 = 50 
100.3I 2 = 50 + 9980 

A 

100.3I 2 = 10030 
2 100.3 



I 2 = J00 amperes ^^^^^ 

Substituting the values of current into the equation 
from KArclihoff's second law, we find: 
I T = -99.8 + 100 
lj = .2 amperes 

14-21. Notice that the current 1| is negative. " 
This indicates that current Ij is flowing in the 
opposite direction of that assumed for J 2 . t It is 
unwise to connect two batteries in parallel that have 
different output voltages, because the battery with 
the higher voltage will send a charging current 
through the battery with the lower voltage. However, 
it is not uncommon to find this circuit used in 
electronic equipment such as transistors where a 
different potential is connected in parallel to obtain 
certain circuit -functions. 

14-22. The voltage distribution in this circuit 
can now be calculated from the known values of- 
current and resistance, using Ohm's law: 

E, - I,R 

= - 99.8 X 0.} 

= - 9.98 volts \ 



Ej = 30 + 20 - 9.98 

1= 40.02 volts 

14-23. Some of you may ask the question, 
"Where in the world will I ever use this stuff?" Well, 
during your next experience with circuit diagrams 
having transistors, you will see that they are nothing 
more than a simple mesh circuit. These circuits are 
connected with voltage divider networks that supply 
the different voltages. You can compute the current 
through the different legs of the circuit by knowing 
the junction resistances. There will be many times 
when the knowledge you have gained will aid you 
in understanding the overall operation of complicated 
generator circuits on our modern aircraft. 
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REACTORS IN CIRCUIT RELATIONSHIPS 



THE COUNTDOWN was proceeding as scheduled, 
10... 9... 8; tension filled the room; 3... 2... 1,... 
ignition, ... liftoff. Three men were on their way to 
the moon. Several hours later two of those men 
became the first human beings to set foot on another 
planet. It's hard to believe that it was 10 short years 
ago that man first ventured outside of his own 
atmosphere. The great advances made in technology 
have made this feat possible. These same advances 
have changed your job as an aircraft electrician. < 

2. With the rapid growth of our technology 
has come a change in the systems we electricians are 
required to maintain. More and more our systems 
are becoming less mechanical and more electronic. 
Therefore, the need has increased for a broad 
background in the fundamentals of electronics. The 
days of the "shade tree electrician" are gone forever. 
Our major systems are so integrated with those of 
other major systems that you must be able to 
understand how the operation of each component 
will affect the efficiency of the entire aircraft. 
Relays are being replaced by solid state switching 
devices. Most modern generator control components 
have been transistorized. These are but a few of the 
changes that have taken place. 

3. In the previous chapter we spent some time 
discussing complex dc circuits. Since most power 
and control systems are ac, we need to take a good 
look at how components react in ac circuits. 

15. Reactance and Frequency in Circuits 

15-1. The characteristics of alternating current 
were not clearly understood until the end of the last 
century. The efficient use of alternating current as 
a source of electrical power is a comparatively recent 
development. In fact, the older sections of some 
American cities, such as New York City, are still 
supplied with direct Qurrent. Alternating current 
gradually became recognized as a more suitable 
source of power. In addition, alternating current can 
be easily converted to direct current. 

15-2. Alternating Current. Alternating current 
is an electrical current that is continually changing 
in amplitude and periodically changing in direction. 
A waveform of alternating electrical power is shown 



in figure 49. From a value of zero, aJternating 
current builds to a maximum amplitude flowing 
toward a reference point, then decreases again to 
zero. This is followed by an increase in amplitude 
to maximum away from the reference point, then 
a decrease again to zero. 

15-3. Instantaneous and peak values. The x 
instantaneous value of a sine wave voltage or current 
is the value of the voltage or current generated at 
) any instant in time. Instantaneous values are 
generally indicated by small letters, such as e 
(voltage) and i (current). 

15-4. The peak value of a sign wave voltage 
or current is the maximum value that can be obtained 
with given circuit conditions. Peak values are 
indicated as E max or 

15-5. Average value. The average value of a 
complete sine wave of voltage or current, based on 
a zero reference level, is zero. The reason for this 
is that the negative loop of the wave has the same 
amplitude as the positive loop but is the opposite 
in sign. Average value is a term applied to alternating 
voltage or current and is restricted to the average 
value of one alternation, 

15-6. Phase. Phase is defined as the difference . 
in time between any point on a cycle with reference 
to either the beginning cf that cycle or some other 
cycle. The beginning of a cycle is generally taken 
to be the point at which the cycle passes throVgTL. 
zero amplitude while moving in a positive direction. 
Such consideration of phase is of immediate practical | 
importance when the current and voltage cycles start ^ 
at different times or when multiple currents or 
voltages are simultaneously present. 

15-7. When two alternating currents or voltages, 
increasing in the same direction, cross all zero 
amplitude points at the same time, they are said to 
be in phase. This in-phase relationship is shown in 
figure 50. When 'two alternating currents are applied 
to resistive circuits, the voltage and current are always 
" V 1tKr>ha3e. That is. they increase and decrease, and 
reverse direction at the same time. 

15-8. When two alternating voltages or currents 
are not increasing in the same direction, or do not 
cross all zero amplitude points at the same instant. 
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they are said to be out of phase. When alternating' 
currents are applied to circuits that are not resistive, 
the voltage and current ane normally out of phase. 
Conditions of out-of-phase relationships are shown in 
figure 51. Later in this section, more will be said \ 
about the conditions of lead or lag, as shown in parts 
A and B of the figure. 

15-9. The refresher paragraphs you have just 
read should be reason enough for us to talk in the 
same language. Although you should remember most 
of the terms that deal^with ac, it is good to review 
them to refresh your memory. In paragraph 15-8, 
we; spoke of a circuit that was not resistive. If a 
circuit is not resistive, it is reactive. Circuit reactance ^ 
and its causes and effects is the next topic for 
discussion. 

15-10. Reactors. As an electrical technician, 
you have encountered the two basic reactors, the 
capacitor and the inductor (coil). These two reactors 
in a circuit cause reactance. This reactance is either 
capacitive reactance or inductive reactance. As our 
systems are changed to be more electronic, your 
knowledge of the reactors and their effects will 
become more and ^more important. Here is an 
example of a related and interesting problem. The 
electricians at a base having C 1 4 1 's were having much 
difficulty with the commode flushing circuit. This 
circuit was a simple RC time circuit. When questions 
were asked, it was apparent that training was needed 
on how capacitors worked. Therefore, we will briefly 
review and expand upon your knowledge of 
capacitors and inductors. * 

15-11. Capacitors. A capacitor is an electrical 
device constructed of conductive materials that are 
se/parated by an insulator. The conductive materials 
are referred to as the plates, while the insulating 
Jnaterial is called the dielectric material. The 
dielectric may be in a solid, liquid, or gaseous state. 

15-12. You should recall that the unit of 
measure of capacitance is the farad. This unit, 
however, is too large for practical circuits. A more 
convenient unit is the microfarad, which is equal to 
one-millionth of one farad (1 X 10" 6 farad). The 
value of a capacitor is generally marked on the body 
of the capacitor by one of two methods: 
Color coding. 
- Printing or stamping. 

15-13, When the voltage appearing across the 
plates of a capacitor becomes too high, dielectric 
rupture or breakdown may occur. Such a breakdown 
would permit an electrical arc between the capacitor 
plates. If the dielectric ruptures on a permanent 
basis, the capacitor is useless. The voltage required 
to break down the dielectric varies with the kind^of 
material used and with the thickness of the material. 
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Thus, a large voltage would be required to break 
down a nearly perfect vacuum, but a capacitor using 
air dielectric one-thousandth of an inch thick would 
break down at 80 volts. If the air space is increased 
• ten times this value (one-hundredth of an inch), the 
breakdown voltage increases in direct proportion up 
to 800 volts. Commercial capacitors are normally 
marked to indicate the working voltage. The working 
voltage of a capacitor designates the limit of safe peak 
ac, peak pulsating dc, or steady dc voltage that may 
be applied^ continuously across the capacitor without 
danger of voltage breakdown. 

15-14. During their manufacture, capacitors 
may be subjected to production anc^ environmental 
factors which can cause the value of an individual 
unit to be other than the intended value. Tolerance 
ratings are established by two different methods. The 
first method is by means of a set percentage variation, 
such as 5, 10, and 20 percent. The second method 
is expressed in terms of the actual picofarad variation 
of the capacitor. The prefix "pico" means 1 X 10*^. 
This method is usually reserved for small capacitors 
of less than 10 picofarads. Enough said about the 
capacitor. You will remember most of the things 
we have mentioned here. The other reactor to be 
reviewed is the inductor, whose applications in 
circuits are many and varied. 

15-15. Inductors. An inductor may take any 
number of physical forms or shapes. Basically, it 
is nothing more or, less than a coil of wire and a 
core material. This unit operates according to the 
self-induction principle. Inductors can be broadly 
classified with respect to core material and aiso with 
respect to adjustability. Some inductors are classified 
with respect to their physical shape and to the 
manner in which wires are wound around the core. 
Choke and reactor are popular names used to 
designate an inductor. 

15-16. Inductors, like capacitors, come in many 
shapes and sizes. Their shapes and sizes are as varied 
as their application. However, inductor ratings are 
different from those of the capacitor. The capacitor 
has a capacitance rating, whereas the inductor has 
an inductance rating. The unit of measurement of 
inductance is the henry. The number of henries is 
usually stamped or printed on the inductor. In many 
instances, you will find that the only identification 
is a number. This number is usually the 
manufacturers' code number for the specific unit. 
You must refer to some parts catalog to convert this 
code number into the inductance value. This is an 
average value, as the inductance will vary with 
frequency. 

15-17. The current rating is that value a£_ 
magnetizing current which places the permeability of 
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the core material just below the knee of the 
'saturation current curve. This is the same point 
where the inductance of the unit is at its specific 
value. This is not to be interpreted as being the 
maximum current through the windings without 
damaging the inductor. Insulation ratings are 
necessary in some applications, such as power supply 
filters, where operating voltages are normally high. 
Two fairly standard insulation ratings are 1500 volts 
rms and 3000 volts rms. Now that we have discussed 
the physical characteristics and ratings of the two 
most cornrnon reactors, the capacitor and the 
inductor, we shall discuss them in their proper 
environment for the purpose of better understanding 
the effect they have upon a circuit. 

15-18. Reactance. The opposition offered to 
a specific change of current by a reactor is measured 
during any given instant in terms ok counter emf, 
that is, the voltage which opposes the applied emf. 
In dc circuits, however, any opposition to current 
flow is termed resistance and is measured in ohms. 
In ac circuits, it is also convenient to measure reactive 
opposition in terms of ohms rather than in terms of 
volts or counter emf. This type of alternating-current 
opposition is called inductive reactance or capacitive 
reactance. It is assigned the symbol X L for inductive 
reactance and Xq for capacitive reactance. 

15-19. Phase shifts. Reactors used in ac circuits 
exhibit the same behavior as they do when placed 
in dc circuits. One reason that they appear to react 
differently is that ac is continuously changing in 
amplitude. As a result, the reactor is never permitted 
enough time to exhibit the characteristic exponential ' 
behavior observed in dc circuits. (This behavior was 
explained in your previous training.) Because a 
counter emf exists, there is a delayed current-voltage 
relationship. This delay between current and voltage 
is called phase, shift. Phase shift may be either in 
the form of lag or lead, as shown in parts A and 
B ,of figure 51. 

15-20. If we investigate v the phase shift 
produced by an/inductive circuit, as seen in part A 
of figure 52, it will show the relationship between 
voltage 'and current. These phase relationships are 
shown in part B of figure 52. The inductor current 
is zero 'when the applied voltage is maximum, and 
it is maximum when the applied voltage is zero. 
Consequently, the currentjhrrough an inductance is 
said to lag the applied voltage by 90 electrical 
degrees. 

15-21. The changing voltage across a capacitor 
produces the current through it. An examination of 
the voltage waveform across the capacitor, as shown 
in figure 53, shows its relationship to the current 
produced. As you eSrTsee on the figure, the phase 




of the circuit current can be taken with respect to 
either the applied voltage or the counter voltage. By 
^conventional standards, the phase relationship of 
current and voltage is based upon the applied voltage. 
Therefore, the capacitor current leads the applied 
voltage by 90 electrical degrees. You should 
remember that if a circuit has an equal amount of 
inductive reactance and capacitive reactance, they 
will cance? each other and the total reactance will 
be zero. 

15-22. Reactance versus frequency. The 
variation of reactance as a function of frequency can 
now be discussed. As you might reason from the 
reactance equations, the reactor has no set value of 
opposition to ac until a definite frequency is 
specified. There are two ways to investigate the 
characteristics of reactance. 

(1) Maintain a given value of reactance while 
the frequency is changed. 

(2) Maintain a given frequency while the value 
of the reactor is changed. 

The formula for computing capacitive reactance (X^) 
is as follows: 

x c = L_ 

C 2 7T f C 

The formula for computing inductive reactance (XjJ) 
is as follows: 



X L = 2 7T f L 

I 

15-23. As you can see, the relationships of 
capacitance and inductance to frequency are 
opposite. As frequency increases, capacitive 
reactance decreSsbs, while with the same increase in 
frequency, inductive reactance increases. It may be 
said that capacitive rfcactance is inversely proportional 
to frequency, anjj/ inductive reactance is directly 
proc/ortional to frequency. Listed below are two 
problems involving the, capacitive and inductive 
reactance formulas. These examples will help you 
better understand the principles of frequency versus 
capacitive and inductive reactances. 

15-24. Suppose that a 0.05-microfarad capacitor 
is selected, and that the input frequency is 20 Hertz 
■ (Hz). The capacitive reactance can be worked „as 
follows: 

x c = [ — 

C 2 7T f C 

60 

d ' 



1 

2 7T (20) (0.05 X JO" 6 ) 

1 

6.28 (1 X 10 * 6 ) 



6.28 
- 0.159 X 10 6 



= 159 K ohms 

15-25. Now you try one. Increase the 
frequency from 20 to 200 Hz in the same problem. 
If you work the problem correctly, you will find the 
relationship of frequency to reactance is the same 
as discussed earlier. Your answer should be 15.9 K 
ohms.. Remember, capacitive reactance is inversely 
proportional to frequency. As the frequency 
increased 10 times, the capacitive reactance was 
lowered 10 times. 

15-26. Inductive reactance is directly 
proportional to frequency. Suppose that an 
88-mtllihenry inductor is selected. Assume the input 
frequency to be the same as in the capacitive' 
problem, 20 Hz. You would compute the problem 
this way: 

X L = 2ff f L [ 

V 

= 6.28 (20) (0.088) 
= J 1 ohms 

Again increase the input frequency to 200 Hz. 



X L = 2 * f L 

= 6.28 (200) (0.088) 

= 110 ohms 



As the frequency was increased 10 times, the 
inductive reactance increased 10 times. You may 
need to review RC, RL,and RCL circuits. We will 
make some application of these circuits in the next 
section. 

16. Circuit Application of Reactors 

16-1. After resistance, inductance, capacitance, 
reactance, and impedance, what else can there be? 
By way of answer, let us say that there are only two 
more important factors that have to be considered. 

16-2. Any combination of inductive reactance, 
capacitive reactance, and resistance forms the total 
opposition (impedance, or Z) to current flow in an 
alternating-current circuit. In circuits that, contain 
both inductive reactance, X^, and capacitive 
reactance, Xq, find the circuit impedance (Z) by 
subtracting the smaller reactance from the larger 
reactance. There is a special condition where X^ 
and X^ are exactly equal to each btltej. Since they 
are opposite,, in effect, the impedance becomes zero. 
At this time the circuit is said to be in resonance. 

16-3. Series Resonance. * If a coil and a 
capacitor are connected in series with a 
variable-frequency source of alternating current, as in 
figure 54, the combination of parts is known as a 
series-tuned circuit. Since the windings of the coil 
in such a circuit have a certain amount of resistance, 
the effect of resistance must be considered in the 
operation of this circuit. The inherent resistance of 
the circuit and the coil is indicated in the figure as 
resistor R. If the ac source is set at a low frequency, 
the greatest opposition to the flow of current in the 
circuit results from the reactance of the capacitor. 
If the ac source is adjusted to a high frequency, the 
greatest opposition results from the reactance of the 
inductor. In other words, at low frequencies the 
reactance of the circuit is mainly capacitive, while 
at high frequencies the reactance is mainly inductive. 

16-4. At only one frequency between the high 
and low extremes will the inductive reactance equal 
the capacitive reactance. This frequency is known 
as the resonant frequency of the circuit, and the 
series circuit is said to be tuned to that frequency. 
Since the inductive and the capacitive reactances 
produce opposite effects, they cancel each other. 
This means that the only opposition to the current 
flow is that offered by the resistance, R. 

16-5. The current flowing in the circuit shown / 
in figure 54 can be measured by an ammeter. If 
the source frequency is increased gradually from a 
low to a high value, the current will increase until 
it reaches a maximum value at the resonant 
frequency, then will decrease. These actions of 
increasing and decreasing current are shown in figure 
55. 
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16-6. Remember, the current flow in the circuit 
is determined by the impedance of the circuit. 
Therefore, the impedance of a series-resonant circuit 
is at its lowest (minimum) value at the resonant 
frequency. This is shown in figure 55. The 
impedance is greater on either side of the resonant 
frequency, as shown. 

16-7. The voltage drop across each element of 
the cjrcuit is proportional to both the current flow 
and' the opposition offered by each element. Since 
the current flowing in a series circuit is maximum 
at the resonant frequency, the voltage as measured 
across each unit is greatest at the resonant frequency. 
The voltages across the coil and the capacitor of the 
series circuits, as shown in figure 56, are equal in 
amount and opposite in polarity at the resonant 
-frequency. These voltages are very high, even when 
a source voltage of only 1 volt is applied. Either 
one of these two voltages (across the capacitor or 
across the coil) may be used to operate other circuits, 
since a marked increase in voltage appears across each 
component at the resonant frequency. This voltage 
increase, at a particular resonant frequency, is one 
of the important effects of tuned circuits. 

16-8. The preceding statements may seem hard 
to believe at first. However, the mathematics of 
electrical circuits further prove the truth of this 
seeming paradox. Ln the series-resonant circuit, 
shown in item A of figure 56, the reactances (X^. 
and X^) are each equal to 940 ohms. Since they 
cancel each other in the impedance formula: 

Z =/r 2 + (X L - x c ) 2 

the 7.5 ohms of resistance remain as the only 
opposition to current flow. With 1 volt impressed 
upon the circuit, the resultant current, as determined 
by Ohm's law, is 0.133 amp. To find the voltage 
across the capacitor or inductor, it is necessary to 
multiply X^ and X^ by the current flow in the 
circuit (940 X 0.133 = 125 volts). The voltage across 
the resistor is found by multiplying the value of the 
resistance by the current which is flowing through 
it (7.5 X 0.133 = 1 volt). 

16-9. In item B of figure 56, a graph has been 
plotted to show the variation of current through the 
circuit as the frequency is varied from a point below 
resonance, through resonance, and then abov^ the 
resonant frequency. Below resonance, the capacitive 
reactance is greater than the inductive, reactance. In 
practical circuits the resistance, R, is purposely kept 
to a low value. Although it is shown on the ligure 
as a separate component, it actually represents the 



inherent resistance of the inductor and the 
connecting leads. At frequencies appreciably above 
or below the resonant frequency,* the current flow 
is determined chiefly by reactance. At these 
frequencies, the resistance (R) is so small in 
comparison with '\he total reactance that the 
resistance is no longer\onsidered an important circuit 
factor. % 

16-10. When a circuit is at resonance and the 
value of either the coil or the capacitor is changed, 
the resonant frequency of the circuit is also changed. 
If either the capacitance (NOTE: capacitance, not 
capacitive reactance) or the inductance or both are 
increased, the resonant frequency of the circuit is 
decreased. Conversely, if either the capacitance or 
inductance or both are decreased, the resonant 
frequency is increased. By making either the 
inductor or the capacitor in the circuit variable, the 
circuit could be adjusted or "tuned" to be at 
resonance over a wide range of frequencies. The 
limits of the frequency range over which the circuit 
can be tuned will depend on the value of the fixed 
element and the maximum and minimum values of 
the variable element. 

16-11. The resistance • present in ,a 
resonant-tuned circuit determines the amount of 
selectivity of which the circuit is capable. Resonance 
curves for three different values of resistance (R), as 
shown in figure 54, are shown in figure 57. These 
curves are the same type as those shown in figures 
55 and 56, where current is plotted against the 
frequency. The current flowing in a tuned circuit, 
when equal voltages of many- different frequencies 
are applied to the terminals, is composed principally 
of frequencies a^ and very near to, the resonant 
frequency of the circuit. As resistance is added to 
the circuit, the total resonant current is reduced in 
such a manner that a nearly uniform but reduced 
resonance curve is obtained. 

16-12. Parallel Resonance. If a coil and a 
capacitor are connected in parallel, as in figure 58, 
the combination is known as a parallel-tuned circuit. 
As in the series-tuned circuit, whatever resistance is 
present in the circuit elements is indicated on the 
diagram by resistor R. Since the coil and the 
capacitor are both connected in parallel across a 
variable frequency source of alternating current, there 
are two paths through which the current may flow, 
one path through the inductor and the other through 
the capacitor. If the ac source is set at a low 
frequency, the greatest current will flow through the 
coil. The reason for this is that the reactance of 
the coil at the low frequency is small and the 
reactance of the capacitor is high. If the source of 
voltage is set to a high frequency, most of the current 
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will flow in the capacitive branch. The reason for 
tlus is that the reactance of the capacitor at the 
higher frequency is low and the reactance of the 
inductor is high.' 

16-13. At the resonant frequency, the same as 
with the series-tuned circuit, the reactance of 
capacitor C is equal to the reactance of inductor L. 
Unlike the series circuit, the capacitor and inductor 
arc in parallel. The current flowing through the 
inductor is opposite in polarity to the current flowing 
through the capacitor. With the inductive reactance 
equal to capacitive reactance at the resonant 
frequency, the currents flowing through the two 
reactances are equal in value as well as opposite in 
polarity. Consequently, they tend to cancel each 
other so that the current flowing in the line circuit 
is minimum. 

16-14. The current flow may be read from the 
ammeter (A), as shown in figure 58. As the applied 
voltage is varied from a frequency well below the 
resonant frequency, through resonance,, and to a 
higher frequency, the line current changes/ it varies 
from a high value at the lower frequencies to a 
minimum at resonance, and then rises again to a high 
value at the higher frequencies. 

16-15. The line cuAent is the diffemce between 
the currents flowing through the inductive and 
capacitive branches of Ae circuit, as shown in figure 
59. Because of the presence of the inherent electrical 
resistance (straight dc resistance) in the inductor, 
while none is present in the A capacitor, the two branch 
currents never cancel each other completely. As 
shown, the line current curve reaches a minimum 
value when the other two Jmcs cross (resonance), but 
does not decrease to zero value. The lower' the 
inherent resistance, the lower will be the current 
taken from the line. Although the line current draw 
may be very small, there is a current circulating 
between u> coil and capacitor which may be very 
large. 

16-16. Assume that a capacitor in a 
parellel- tuned circuit is charged by means of a 
battery, as in item A of figure 60. As the switch 
is moved away from the battery connection, the 
capacitor retains that stored charge. Next, the switch 
is moved to make contact with the terminal of the 
inductor (coil), as shown in item B of the figure. 
When connected to the coil, the voltage stored in 
the capacitor causes current to flow from the lower 
plate, through the coil, and toward the positive plate 
of the capacitor. As the current moves through the 
coil, a magnetic field is built up about the coil, as 
shown in itemfl, When the capacitor is discharged, 
a self-induced vo/tage is generated in the coil by the 
collapsing flux. This action is shown in item C of 
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the figure. The direction of induced voltage 
maintains the current flow in 4he same direction. 

16-17. Current flow, caused by self-induction 
of the coil, allows the condenser to become charged 
with an opposite polarity. Thus, before the magnetic 
field about the coil has completely collapsed, the 
capacitor is charged once again. Because of the newly 
stored voltage and a complete circuit, a current will 
begin to flow in the opposite direction, as shown in 
itern D. Thus the whole process is repeated over 
again. 

16-18. To summarize,' the energy in the circuit 
which originally came from the battery is first stored 
in the capacitor. The energy is then transferred to 
the magnetic field about the inductor by the current 
flowing in the circuit. This current is alternating, 
since it reverses its direction at regular intervals. This 
process would repeat itself indefinitely if the circuit 
contained/no resistance. Since all circuits contain 
some resistance, the process will continue only until 
^the energy which has been applied to the circuit has 
been spent by the resistance of the circuit. 

16-19. In order to produce a sustained 
alternating current, it is necessary, to supply sufficient 
power to such a circuit to overcome &e resistance 
losses. The current taken from the linens very small 
when compared to the current oscillating within the 
circuit. 

16-20. The line current in a pa rail el- resonant 
circuit is minimum at the resonant frequency. This 
means that the impedance of the circuit must be 
maximum at the resonance. It also means that circuit 
impedance decreases at the frequencies on either side 
of the resonant frequency. 

16-21, Uses of Resonant Circuit. As has t>cen 
mentioned previously, one of the most common uses 
of the series-resonant circuit is to nine a, radio to 
a station. This is what you do when you turn the 
tuning knob from one station to another ,in 
attempting to find a ballgame broadcast. The circuit 
components in the radio are set up where X L = X r 
at any desired frequency. This allows only current 
at that frequency to flow from the aerial into the 
receiver. All other frequencies are blocked by the 
high reactance of either the capacitor or the inductor. 

1 6-22. Another application of the 

series-resonance principle is in the speed control 
circuit of certain motor-generator sets that are 
designed to operate at a predetermined speed. The 
electrical circuit for such a speed control circuit is 
shown in figure 61. Included in the design of the 
unit is a voltage winding, item C, in which an 
alternating voltage is generated as the motor rotates. 
The voltage generated is applied through the rectifier 
bridge, item B, whose function is to change the ac 



to dc within the motor control field, item A. The 
circuit. is then completed through a fixed capacitor, 
item D, and a variable inductor, item E, which 
together form a series-resonant circuit. As the rpm 
of the motor rises above its predetermined operating 
speed, the frequency output of the voltage winding 
wiil cause a resonant condition in the control circuit. 
The large current resulting from this series-resonant 
circuit condition flows through the motor control 
field (A), where it reacts with the magnetic field of 
the armature to reduce motor speed. At low motor 
speeds, the frequency of ac generated in the voltage 
winding (C) is low>, and the high impedance of the 
control circuit limits the current flow through the 
motor control field to a very low value. For this 
reason, at all frequencies other than the resonant 
frequency, the small amount of current allowed to 
flow through the motor control field will not affect 
motor speed. As the speed of the motor and the 
frequency output of the voltage winding increase, the 
value of inductive reactance approaches the capacitive 
reactance value in the control circuit. When the 
resonant frequency is reached, the two reactance 
values are exactly equal, at which time the only 
opposition to current flow through the motor control 
field is the comparatively small resistance of the 
speed control circuit. As the resulting high current 
reduces motor speed, the frequency output of the 
voltage coil decreases, and the circuit reactance 
increases to a point where the motor control field 
is no longer effective. This condition allows the 
motor speed to increase again, slightly, until 
resonance is reached, whereupon the same cycle of 
events will take place. The net effect of this control 
circuit is to maintain a motor rpm at that speed 
required to produce a resonant condition in the 
control circuit. 

16-23. Since the voltage generated in the 
voltage winding is an alternating voltage, two 
different arrow lengths are used on the circuit 
schematic diagram to assist you in following the flow 
of current in the circuit. The short arrows indicate 
the path of current when the voltage is generated 
with one polarity, and the longer arrows indicate the 
path of current flow when the polarity of the voltage 
is reversed. Because the current flow through the 
rectifier bridge always passes through the motor 
control field in one direction, it is a direct current. 
Now that we have covered some of the uses of 
series- resonant circuits, what about uses of 
parallel-resonant circuits? 

16-24. The impedance of parallel-tuned circuits 
is very high at the resonant frequency and low at 
all other frequencies. For this reason, they are used 
in vacuum tube circuits to generate, detect, and 



amplify small signals of a given frequency. You will 
find some applications of resonant-type circuits in 
multi-generator power systems. Since you have been 
in the electrical field for some time, you are very 
aware that troubles can occur in power systems. 
Therefore, let's discuss ways of diagnosing 
malfunctions in multi-generator power systems. 
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CHAPTER 8 




DIAGNOSING MALFUNCTIONS IN A MULTI-GENERATOR DC POWER SYSTEM 



A DC GENERATOR system-an old hat, you say? 
WelJ maybe, but there are a number of aircraft whose 
primary power systems are dc. In fact, during a tour 
in Vietnam we were surprised to find that some 
7-level electricians had trouble working on aircraft 
whose primary power systems were dc. Many of 
these electricians had never worked on a dc generator 
system before. 

2. As a 7-level technician you will be required 
to work on many different types of aircraft. Some 
may be familiar, and others may not. In any case, 
you will have the job. In this chapter we will discuss 

a dc generator system, a type you may have to woHT*" 1 
on if you haven't done so already. The rust thing 
that comes to mind is, what do we need to know 
to traubleshoot a dc generator system? How about 
operation? We cannot possibly know when 
something is wrong if we do not know what is 
considered to be right. 

3. The above statement puts us right into the 
middle of a technical order, the place to find out 
how the system operates. Usually, you are presented 
this problem, that is, your troubleshooting job 
begins-when you are handed some kind of work 
order that tells you, among other things, that a 
trouble exists in the generator system. Then, to top 
it off, you realize that you have never worked on 
this type of aircraft before. Now let's assume that 
you go out to the aircraft and have a look. 

17. Generator System and Component Operation 
17-1. As you appraoch the aircraft, the engineer 
comes out to meet you. "We sure got one this time. 
Number J generator won't stay on the line, and that's 
all I can tell you." Now it looks like you have a 
good one on your hands. So. where are you going 
to start? You arc right, get out the technical order 
and read up on the generator system. Now let's see 
what the technical order can tell you about the, 
system . 

1 7-2. DC Power Supply System The primary 
dc power supply is furnished by six engine -driven, 
t 30-volt-dc generators, rated nt 350 amperes each. As 
a reserve supply of dc electrical power for operating 
certain electrical units, two 24-volt, 36-amp-hour 



batteries are provided. These generators and batteries 
are connected for parallel operation to supply 
electrical power to the distribution buses. 

17-3. The generator system includes feeder and 
internal generator ground-fault protection, 
undervoltage protection, overvoltage protection' 
differential current, and reverse -polarity protection. 
Each generator is controlled by a carbon-pile type 
voltage regulator, an overvoltage control panel, and 
switches at the flight station. 

17-4. Manual control of the dc generating 
system is provided by the following: six generator 
switches, six generator field circuit breakers, three 
dual dc ammeters, a dc voltmeter, six generator 
overheat warning lights, and six field relay trip 
warning lights. These controls are all mounted at 
the flight engineer's station-. 

17-5. The generator manual control switches 
are four-pole double-throw, with ON-OFF positions, 
and a momentary position idenlified on the switch 
panel by the marking GENERATOR SWITCHES 
DOWN TO RESET FIELD RELAYS. Moving the 
generator switch to the ON position will connect the 
generator to the bus if all circuit conditions are 
correct, if the generator is delivering rated voltage, 
and if enough load is applied to the bus to produce 
the required equalizer action. 

17-6. Operating the generator switch to the 
momentary (down) position, with power on the bus, 
will reset the field relay if it has been tripped by 
overvoltage or inadvertently left in the tripped 
position. This also flashes the generator field through 
a current limiting resistor to assure correct polarity 
of the generator voltage. 

17-7. Moving a generator switch to the OFF 
position will disconnect the generated from the bus. 
However, it will not open the field~c^uit. In this 
way, the generator voltage may be checEed with the 
generator disconnected from the bus. 

17-8. The generator field circuit breakers are 
switch-type automatic breakers for emergency use 
only. They are normally closed. They are to be 
opened to the OFF position only when it is necessary 
to deenergize the generators in the event of a 
malfunction of the system. 
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17-9. The dc voltmeter is connected to the line 
through a rotary-type selector switch. This ( makes 
possible voltage readings of the batteries, of each of 
the six engine-driven generators, and of the main bus. 
The dual dc ammeters indicatte the output of each 
of the generators. / 

17-10. This brief dgsshption of the overall 
generator system has given you only a general 
working knowledge of the system. If you are going 
to determine why the generator will not stay on 'the 
line, you are also going to need a working knowledge 
of the generator system components. 

17-11. Generator System Components and 
Circuit Operation. If you will check figure 62, you 
will see that the generator system contains a number 
of components, most of which can cause trouble. 
Our discussion will include all of these components 
and their operation. We will start with the generator. 

17-12. Generator. The generator is self-excited, 
and has a shunt-connected field assembly (see fig. 
62). When the engine-driven armature assembly is 
rotated within the yoke assembly, its armature coils 
cut the residual magnetic field existing in the field 
poles of the generator. The small voltages induced 
in the armature coils are collected from the armature 
by the brushes. These small armature-coil voltages 
cause a flow of direct current through the field coil 
assembly, increasing the intensity of the magnetic 
field. This, in turn, causes higher induced voltages, 
increased field current, and still higher field intensity. 
Since the value of the induced voltages is also 
proportional to the speed of armature rotation, 
generated voltage continues to build up as the speed 
of the generator increases. When generated voltage 
reaches a value coinciding with the setting of the 
voltage regulator, the voltage regulator prevents 
further increase in field current. The voltage 
regulator will maintain a constant generated voltage 
by automatically adjusting the field circuit resistance. 
However, the regulator attSws the field current to 
increase when the voltage decreases, because of load 
application or decrease in speed. 

17-13. Voltage* relator. The voltage regulator 
is, essentially, an automatic generator field rheostat 
that maintains a constant output voltage by 
automatically controlling the generator field current. 
A view of a voltage regulator and its circuitry is given 
in figure 63. The electrical schematic in figure 63 
is an enlarged view of the one shown in the lower 
left corner of figure 62. The regulator voltage coil 
is connected through an adjustable rheostat across the 
dc output circuit, from L- to L+. The carbon pile 
is electrically connected in series with the generator 
field circuit, from G+ to F+. When generator voltage 
rises above the voltage at which the regulator has 



been set, the current in the voltage coil increases. 
This action increases the magnetic attraction of the 
armature core and relieves pressure of the armature 
diaphragm on the carbon pile. The carbon discs ixf 
the pile tend to separate, increasing the resistance of 
the pile. The result is a decreased generator field 
current and output voltage. When the generator 
voltage falls below the voltage at which the regulator 
has been set, reverse reactions take place. The carbon 
pile is compressed, thus increasing field current and 
output voltage. 

17-14. In parallel generator operation, the 
voltage regulators equalize the output of the 
generators by reducing the voltage of the generator \ 
carrying the greater load and increasing the voltage * 
of the generator carrying the lesser load. This action 
is accomplished through the voltage equalizing coil. 
This coil acts upon the carbon pile in a manner 
similar to the action of the voltage coil. The voltage 
drop in each generator series field is directly 
proportional to the current output of that generator. 
If there is an unequal division of the load, the voltage 
drops in the generator series fields will differ. This 
causes a current flow through the equalizing coils of 
the regulators, with a resultant change in carbon pile 
resistance. The result is a more equal division of 
the load. 

17-15. Armature shunting relay. The armature 
shunting relay is shown in detail in figure 64. It 
is also shown in the upper center of figure 62. It 
is the magnetically latching type and is tripped, or 
reset, by power from the essential bus through 
contacts of the field relay. As the field relay is 
tripped by either the overvoltage sensing circuit or 
the feeder fault sensing circuit, the armature shunting 
relay shunts the generator armature through a total 
circuit resistance of about 0.02 ohm. It first isolates 
from each other the lead to the negative armature 
terminal D and the leads to the equalizer and fault 
sensing circuits. The contacts E and J part first to 
isolate these circuits, then the contacts A and B close 
to short-circuit the generator armature. Finally, the 
contacts H and I close to provide a. ground 
connection for the field relay reset coil. Contacts 
F, L, C, and K on the relay interrupt its trip, or 
reseUcoil, circuits when either action is complete. 

17-16. Following an overvoltage fault and 
resulting trip of the armature shunting relay, the 
generator draws reverse current from the bus before 
the line contactors have time to open. This current 
is limited by the total resistance of the generator 
series field, the shunted armature circuit and feeder 
wires, and by the internal resistance of the bus, as 
a power source. The peak value of this current never 
exceeds about one-quarter of the interrupting 
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capacity of the main contactors. 

17-17. Resistor R12 .(connected between F 
and H in figs. 62 and 64) prevents tripping of the 
fault sensing circuit under certain overvoltage 
conditions. The resistor is connected from the 
essentia] bus to terminal H, through a set of contacts 
on the field relay, when the latter is tripped. A small 
voltage is applied through the resistor to the fault 
sensing circuit while the double-throw moving 
contact bar of the armature shunting relay is traveling 
from one set of contacts to the other. Curing the 
transient period foDowing an overvoltage fault, 
increasing reverse current may be drawn while the 
contact bar is in motion. During this motion, the 
shunt coil of the fault sensing relay may close its 
contacts because of unopposed current in its series 
coil. Resistor R12 prevents a current from circulating 
(due to increasing reverse current in the current coil) 
through the shunt coil of the fault sensing relay, and 
through the forward-current relay coil Jfi such a 
direction as to trip the forward-current^elay. If this 
trip were not prevented for an overWtage condition, 
it would be indicated that a feeder fault had caused 
trip of the protection system, and reset would not 
be possible without first resetting the forward-current 
relay. 

17-18. Field relay. The field relay, shown in 
figure 62, is a latched relay with eight sets of 
contacts, a trip coil, and a reset coil. Operation of 
the overvoltage relay or the forward-current relay, 
du^rp a feeder fault, energizes' the trip coil. When 
, the field relay performs the following 
zrions: 

Isolates the voltage regulator, thus opening 
the shunt-field circuit. 
Deenergizes the main contactor and 
auxiliary contactor coils to provide breaks 
between the generator feeder and the bus. 
Deenergizes the overvoltage relay and the 
equalizer relay. 

Turns on the trip indicator light. 
Energizes the armature shunting relay trip 
coil. 

Deenergizes the field relay trip coil. 
17-19. Undervoltage protection. To prevent 
reduction of bus voltage to a value likely to become 
dangerous in normal operation, (due to equgfoer-. 
action when one or more generators are slov^ardown, 
stopped, or deenergized with switches closed) an 
equalizer relay is provided on the overvoltage control 
panel. This relay is operated by the differential 
reverse-current relay, and adds resistance to the 
equalizer circuit when the reverse current relay opens 
(see fig. 65). This resistance is the maximum that 
will still permit enough equalizer action to bring the 



generator on the bus. With this value of resistance 
on a six-generator system, one dead generator with 
its switch on produces a drop in voltage of the other 
five of 0.6 volt, from no-load to full-load. The 
equalizer relay is a single-throw double-pole normally 
open relay. It has Palladium iontacts for low contact 
resistance. The coil riesistantfe is 235 ohms, and the 
contacts close~""aT-a s rmnimum of 18 volts at room 
temperature. 

17-20. Revefoe polarity protection. Each 
overvoltage control parjel contains a rectifier (CR1 
in fig. 62) to prevent damage to the electrolytic 
condensers in the overvoltage circuit, due to reversed 
polarity of the generator. The rectifier is installed 
in series with a current-limiting resistor, between the 
negative side of the field relay trip coil and ground. 
If a generator with reversed polarity is installed or 
the polarity of an installed generator is inadvertently 
reversed during normal maintenance of the system, 
reverse current through the rectifier energizes the trip 
coil of the field relay. Operating the generator switch 
momentarily to tfe RESET position flashes the 
generator field ana restores correct polarity. 

17-21. Overvoltage protection. Overvoltage 
may be caused by^failure of the voltage regulator or 
by short-circuiting of the generator field to a voltage 
source. The overvoltage protection system for each 
generator consists of two basic sections. One section 
contains the voltage sensing relay with its shunt 
capacitors and series resistor for time delay. The 
other section contains the selector relay which 
detects the generator responsible for the overvoltage. 

17-22. The polarized selector relay (this relay 
is shown in fig. 66 as the selector relay) is a normally 
open, sensitive relay, with a 0.6-ohm coil connected 
in series with the equalizer circuit for its particular 
generator. Regardless of the magnitude of the load, 
the generator producing an overvoltage delivers higher 
current than the other generators. Since the potential 
at point D is negative with respect to ground^ a higher 
current in the series field of generator No. 1 puts 
point D on generator No. 1 at a lower potential than 
point D on the other generators. The equalizer 
current of the high-voltage generator is sent in a 
direction away from the equalizer bus, while the 
equalizer current of the other generators is sent in 
a direction toward the equalizer bus. 

17-23# The selector relay is connected in such 
a manner as to close its contacts when the equalizer 
signal is sent in a direction toward the equalizer bus. 
Its polarization prevents it from closing when the 
signal is sent in the opposite direction. Thus, with 
all generators operating in parallel, all selector relays 
(except the one for the high-voltage generator) close. 
When they close they shunt out their 'respective 
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overvoltage relays and prevent their operation. The 
selector relay for thVfiigh-voltage generator will not 
operate, thereby permitting operation of the 
overvoltage relay. This assures that only the 
generator causing the overvoltage will be tripped and 
made inoperative. The 100-ohm resisior that is in 
series with the selector relay contacts prevents 
damage to these contacts by discharge of the 
capacitors. During single-generator operation there 
will be no equalizer current. Therefore, the selector 
relay contacts will remain open and overvoltage 
protection will be afforded the generator, 

17-24. The overvoltage relay is a sealed, 
sensitive, normally open relay. Its coil has a 
resistance of 1000 ohms and is in series with a fixed 
750-ohm resistor and an adjustable 500-ohm resistor. 
Two ,75-mfd electrolytic capacitors jrc connected in 
parallel with the ovei voltage relay coil. The relay 
coil is calibrated to trip at 30.1 (±.5) volts across 
the coil circuit, including the resistors and capacitors. 
The contacts of the relay are in series>Avith the field 
relay trip coil, through a 20-ohm current-limiting 
resistor. The high value of series resistance/ limits 
the rate of charge of the capacitors, which must be 
charged before enough voltage is applied to the 
overvoltage coil. This provides the necessary time 
delay to prevent tripping on voltage transients. 

17-25. Feeder-fault protection. The feeder 
protector relay assembly includes the differential 
current fault sensing relay, the differential voltage 
and reverse-current pilot relay, a potential relay, and 
a main contactor. These units are shown on the 
lower right-hand side of figure 62. The 
reverse-current relay contactor circuit, of the relay 
assembly consists of the main contactor, the 
differential vo» ^ge and reverse-current pilot relay, 
and the potential relay. The differential voltage and 
reverse-current relay is the toggling type. It is 
polarized and has two coils wound on the same 
magnetic circuit. One coil has many turns and is 
connected to sense the differential voltage between 
the generator feeder and the bus. It closes the relay 
when this differential is +0.2 to +0.35 volt. The 
other coil is a heavy copper strap "and carries the 
generator current. It opens the relay when the 
generator draws reverse current from the bus in 
excess of 30 amperes. 

17-26. The relay contacts, in series with the 
generator switch, energize the coils of 'he main 
contactor, the auxiliary contactor, and the equalizer 
relay. The function of the potential relay is to 
protect the coil of the differential voltage and 
reverse-current relay against excessive terminal 
voltage. It is polarized, and its coil senses the voltage 
between the generator feeder and the ground when 



the generator switch is closed. The rc'ay closes at 
20 to 24 volts and opens at IS volts. 

17-27. Th<3 differential current fault sensing 
circuit of the relay assembly consists of a polarized, 
normally open relay having two coils on a common - 
magnetic circuit. One coil is a single turn of heavy 
copper and is connected in series with the feeder at 
the main. bus. The other coil consists of many turns 
of small wire. The coil is connected through 
temperature compensating and calibrating resistors 
across the series fie-Id of the generator. The relay 
closes if there is a substantial difference between the 
current in the generator scries field undone current 
in the generator feeder at the bus, as $ouId result 
from a feeder fault. 

17-28. The auxiliary contactor is a heavy duty 
unit. It is identical to the main contactor in the 
reverse-current and fault sensing relay. As shown in 
figure 62, its contacts are connected in series and 
its coils are in parallel with the same parts of the 
main contactor. The two contactors disconnect the 
feeder from the bus and increase the internipting 
capacity at high voltages. In the event that 
•^overvoltage is produced by a short circuit between 
the generator armature positive (terminal B of the 
generator) and the shunt field positive (terminal A) 
at high generator speed, and the armature-shunting 
relay is in operation, the two contactors in series 
become a double safety factor. 

17-29. The forward-current relay (you can see 
this in' the lower portion of fig. 62) is a polarized 
toggling-type relay. It can operate when the current 
in the series field is sent in the normal direction, but 
not when it is reversed. When the fault sensing relay 
operates, it closes the circuit to the forward-current 
relay. If the >rrent in the series field is reversed, 
the relay will not operate. If the current is sent in 
the normal direction, the relay will toggle, operating 
the trip circuit of the field relay. This action, of 
course, deenergizes the system. Hie i clay contacts 
remain in this position until mechanically reset. The 
forward-current relay can be reset only by means of 
the mechanical reset button on the relay cover case. 

17-30. Reset circuit. If the field relay, as shown 
in detail iri figure 67, has been tripped because of 
overvoltage or a generator feeder fault, it will not 
be immediately evident as to which malfunction has 
caused the trip. An attempt to reset the field relay 
may be made by opening the generator switch and 
closing it to/the opposite (dpwn) position. This is 
a momentary-on position. 

17-3 3. If the trip has been due to an overvoltage 
condition, and the cause has been removed, the 
indicator light will go out and the circuit will be 
restored to normal. If the cause of overvoltage 
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persists, the field relay will be reset but will 
immediately trip again. ( Thc tripping action is so 
rapid thai the generator switch cannot be reclosed 
quickJy enough to allow the ovcrvoltagc to be applied 
"to the bus; Cycling of the field relay trip coil and 
reset coil at this time will be prevented by the action 
of the reset lockout relay. Resetting the field relay 
opens the negative side 0 of the reset cojj, thereby 
placing the reset coil and the lockout coil in series. 
Because the lockout coil has a greater coil resistance 
than the reset coil, the two in series will allow passage 
of enough current to actuate the lockout relay btlt 
not enough to actuate tHe reset coil. Thus, to make 
a second reset attempt, the generator switch must 
be released, then pressed again. If the cause of the 
overvoltage remains, the indicator IigJit will^gaout 
momentarily, then come on each'time this is done> 
17-32. Following a feeder fault, the 
forward-current relay retrips to open the negative side 
of the field relay reset coil. The forward-current relay 
is remotely located and is reset manually by a button 
on its case. The system, therefore, cannot be reset 
by pressing the generator Switch to the RESET 
position until the forward-curTent relay has been 
reset. The trip indicator light will burn continuously 
during such an attempt. This circuit prevents the 
reapplication of power to a feeder fault and 
distinguishes a feeder fault trip from an overvoltage 
trip. It is purposely made difficult to reset the circuit 
after a feeder fault in flight, because the fault should 
be located and corrected before a reset islittemptcd. 

17- 33. The two preceding paragraphs provide 
us with the answer as to why the generator will not 
stay connected to the mam bus. From what we have 
learned about the system, checking for overvoltage 
is a good place to start. Assume that a short in the 
field circuit, between points B and A at the generator 
(figs. 62 and 67), is causing the trouble. All you 
have to do is to clear the short, and fche aircraft can 
be on its way. Before we go into a detailed discussion 
of .system malfunction, let's discuss power 
distribution This discussion includes external power 
as well as the aircraft battery system. 

IS. Power Distribution System 

18- 1. In all aircraft generator systems, the 
generated power must be distributed throughout the 
aircraft before it can be put to work. Included in 
the power distribution system are provisions for 
connecting external power to the aircraft buses. Also 
associated wirh the distribution system is the aircraft 
battery po^wcr system. Our discussion will include 
each of these systems. 

18-2 System Description. Figure 68 shows the 
power distribution for the generator system 
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discussed. The power circuit and branch circuits of 
the distribution system are protected against 
sustained overloads by thermal-type automatic circuit 
breakers. With very few exceptions, circuit breakers 
consist of the trip-free type ^which cannot be held 
closed if overload conditions exist. 

18-3. Current limiters are also used in the 
distribution system. A current limiter is an aircraft 
fuse especially designed to provide protection of 
aircraft electrical distribution ^j/stems against short 
circuits. The time /current characteristics o.f the 
limiter are designed to permit a temporary overload 
to be carried in the electrical wires but to assure that 
the limiters will promptly clear short circuits. 

18-4. Power from the aircraft generators is fed 
through insulated copper wires to the main power 
panel (not shown in fig. 68) and to the main dc bus. 
^rom the main bus three wires transmit electrical 
poVer forward to the crew door bus. From this bus, 
power ls-transmitted to the station 260 bus, the main 
junction ©ox (MJB) bus, connector panels, and 
various items of equipment. 

18-5. Two number 1/0 wires are used between 
the generator and the naceUe firewall. The two wires 
are used to transmit the current from each generator** 
to reduce the voltage drop and to assure enough 
current-carrying capacity to handle the aircraft dc 
load. The major dc loads required at the nacelles, 
such as starters, feather pump, and cowl flaps, are 
supplied from nacelle buses. Two sectionalizing 
relays, one for each wing, serve to isolate the nacelle 
buses from, the main bus, except when the nacelle 
equipment is being used. 

18-6. Other major dc loads, including inverter 
input power, are supplied directly from the main dc 
bus through current limiters. So much for the overall 
power distribution system. Now let's take a look 
at how external power is connected to the 
distribution system. 

18-7. External Power. Two type MD-3, ac/dc 
external power supplies are recommended for use 
when the aircraft is to be checked out on the ground. 
One unit is used to supply ac power only; the other 
unit, dc power only. The combined output of both 
units is 45.0 KW. The total dc load for system 
checkout is about 24.8 KW. 

18-8. Two 5-pronged receptacles are provided 
for connecting external power to the aircraft 
distribution system. These receptacles are shown in 
figure 69. One receptacle is provided for the main 
dc bus, and the other for the electronic dc bus. Both 
systems include a reverse-current relay (RCR). The 
RCRs are used to connect and disconnect external 
power from the aircraft distribution syst^rn. The 
relays are controlled by a single-pole single-throw 
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switch on the engineer s panel. 

18-9. Two green push-to-test indicator lights, 
one for the main dc bus and the other for the 
electronic dc bus (located next to the external power 
switch), give visual indications that one or both 
auxiliary power units (APU) are connected and 
turned on. Two white lights, one for each bus 
(located next to their,, associated receptacles), give 
visual indication to the^ground crew that the ground 
power supply is connected to the aircraft distribution 
system. These lights are connected to the indicator 
terminal on the RCRs (see fig. 69). 

18-10. The dc power to close the RCRs and 
connect dc auxiliary power to the aircraft bus is 
provided by the APU. This power is taken from the 
short pin of the receptacle, through a 5-amp circuit 
breaker, and through the external power isolation 
control relay to the SW terminal of the RCR. When 
the external power switch is put in the ON position, 
power is applied to the SW terminal \£f the RCR. 
which closes it. When the RCR closes, dc power 
is applied to th£ aircraft dc distribution system. 
When auxiliary power is applied to the system, be 
sure to put the battery switch in the OFF position. 
Failure to do so can cause generation of explosive^ 
gases in the battery compartment. 

18-11. To check the operation of the external 
power system, connect an APU to the separate 
electrical and electronic dc power receptacles and 
turn on the power units. The green lights for the 
main dc bus and for the electronic dc bus should 
be on. Place the external power switch in the ON 
position. The white lights in the external power 
receptacle box should come on. These indicate that 
"external power is connected to the aircraft dc 
distribution system. 

18-12. Place the external power switch in the 
OFF'position. The white power-on lights should go 
out to indicate that external power has been 
discQnnected from the aircraft distribution system. 
Shut ,down the auxiliary power units ajgd disconnect 
them from the aircraft external power receptacles. 
The green power-on lights should go off to indicate 
that auxiliary power has been removed from the 
aircraft. 

18-13. This completes our discussion of the 
external power system. There is one other source 
of power for the aircraft distribution system, and that 
is the batteries. The batteries are also considered 
an emergency source of power in case of a complete 
generator system failure. 

18-14. Aircraft Batteries. The electrical power 
system under discussion is provided with two 24-volt, 
36-ampere-hour batteries. These lotteries are the 
covered type provided with a venting system which 



picks up rammed air through, a tube and forces it 
through the space at the top of the battery. This 
air is then forced overboard through the acid trap 
(sump jar) to the atmosphere. 

k£M5. There is no$ much to the battery power 
system, and it should not present any problems. The 
batteries are conne&ted to the bus by a relay (shown 
in fig. 68). The reiay^s controlled by a switch on 
the MJB No. I switc^anel. In an emergency^ battery 
power is connected through the rudder and elevator" 
rela/ to the station 238 circuit breaker panel. 

18-16. Remember, we have said" that the battery 
provides emergency power in the event of complete 
generator system failure, This means that the 
condition of the battery is very important. How long 
has it been since you ' were^, required w to service a 
batte™, or e^rrctpek one? Let's review and expand 
upon some^oi the more important pomts of servicing 
lead-acid batteries. 

18-17. The state of charge of a lead-acid battery 
is determined by the^ specific gravity of its electrolyte. 
A fully charged battery should have an electrolyte 
reading between 1.275 and 1.300, when corrected for 
temperature. If an electrolyte reading is 1.240 or 
below, the battery should be replaced. 

18-18. When it becomes necessary to add water 
to a battery, use distilled water. Clean drinking water 
may be used if distilled water is not available. 
Battery plates should be coverec) with electrolyte at 
all times, but this level should not be more than 3/8 
inch at any time. Excessive filling of the battery 
will cause overflow and will probably result in 
weakening the battery. If the battery is going to 
be exposed to temperatures below freezing, do not 
add water unless the battery will be charged 
immediately after adding the water. Charging the 
battery will cause the water °to mix with the 
electrolyte: otherwise it will stay on top and freeze. 

18-19. Check the battery terminals for 
corrosion. Remove corrosion by brushing with a 
stiff, nbnmetallic brush. Then wash the battery with * 
a solution of sodium bicarbonate and water (1 pound ^ 
per galJorP\of water) to neutralize any electrolyte 
remaining N^n the battery. Remember, corrosion 
(between the battery terminal and the battery cable) 
acts like a high resistance in a circuit. It can prevent 
the battery from providing its full rated power v/* 
an emergency. So, make sure that S5\t battery 
terminals are clean and tight. \ / 

18-20. Check the battery vent system. Examine 
the felt pad in the sump jar. If it becomes covered 
with a white, flaky deposit or if the sump jar-contains 
liquid, you must take the following definite actions. 
First, remove the felt pad and wash it in warm water. 
Second, saturate it with a concentrated solution of 
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scdium bicarbonate and water. Third, remove any 
excess liquid from the jar. Finally, reinstall the pad. 

18- 21. This concludes our overall discussion of 
an aircraft dc power system. Now, we shall take 
another look at the same system and discuss some 
problems you may encounter when required to work 
on a dc generator system. 

19. System Analysis 

19- 1. System analysis of the dc generator 
system is the detection, isolation, and correction of 
malfunctions which become evident during normal 
operation or checkout of the system. In all cases 
of failure or improper operation, immediately 
disconnect the generator by opening the generator 
field switch. investigate the trouble as soon as 
possible. When troubleshooting, use an accurate, 
portable voltmeter with a range corresponding to that 
of the generator-voltage. If one component of the 
system has been damaged, the entire system should 
be inspected for any additional damage. Before we 
continue our discussion of generator system 
mal functions, let us review a method you can use 
in analyzing the type of problems we will be 
discussing. V 

19-2. System analysis is a test of ingenuity as 
well as of knowledge. For this reason we will review 
a method of |^uble shooting presented during your 
5-level training. It is in this area^f your duty 
assignment that your real value to an electrical 
maintenance activity can, and will, be measured. 

19-3. System analysis procedures cannot be 
considered as ironclad rules. Experience has 
increased, and will continue to increase, your 
knowledge of electrical systems. Experience will also 
reveal new checks and more efficient methods of 
analyzing problems in these systems. Realistic system 
analysis is not a hit-or-miss, remove-and-replace, 
trial-and -error process; it must be an orderly sequence 
of mental and physical actions, ending with the 
identification and elimination of a system 
malfunction. A combination of maintenance skills, 
intimate knowledge of the operation of the system, 
and the use of logical steps in the problem-solving 
process is essential to a systematic analysis of any 
system malfunction. 

19-4. Method of Analysis. Although there are 
numerous troubleshooting procedures that you might 
adopt, let us consider a procedure that experienced 
technicians have found very successful. We said earlier 
that you must use logical steps to identify and 

Remedy system malfunctions. Consider the steps 

Hasted below: 

(1) Identify the problem. 

(2) Investigate the problem. 



(3) Evaluate the findings. 

(4) Isolate the exact cause. 

(5) Repair <jr remedy. 
19-5. Careful inspections and operational 

checks are the key to identifying system 
malfunctions. While operational checks are in 
progress, notice all indications given by the system 
warning lights, indicators, and meters, if any. 

19-6. ^To investigate the problem, consult the 
technical manuals. Read about the affected system 
in the applicable publication for the aircraft, and 
study the circuit wiring diagram. The time required 
for this study is small compared with that required 
for hit-or-miss replacement of units. Now you are 
ready to evaluate your findings. 

19-7. When you evaluate your findings, ask 
yourself this question. M What in this system will cause 
the symptoms I have observed?" If the problem 
appears complex, it might be a good idea to list on 
paper ail the possibilities that come -to mind as y^r 
work through the circuit diagram. When you have 
listed all those things that could cause the problem, 
you are ready to isolate the trouble. 

19-8. In the fourth step of system analysis, you 
need to eliminate all those possibilities not actually 
responsible for the trouble. Where do you start first? 
I am sure your experience has made the answer to 
this obvious; check the easiest tilings first. In other 
words, check the^circuit breakers first. This is a good 
check to make at the beginning of any 
troubleshooting situation. By checking the easiest 
things first, you may find -the cause of the trouble 
before you perform other thj^-consummg checks. If 
so, you have saved time, worl^sand much wear and 
tear on the aircraft. 

19-9. In the final step of this procedure, repair 
or remedy, you must decide what needs to be done 
to correct system malfunctions. Just remember: 
before you make a costly replacement, prove that 
your conclusions are correct. The downtime of an 
aircraft to change a component may be many hours, 
only to find that the trouble is still there. 

19-10. We have now covered the steps that can 
help you analyze system malfunctions. In the 
paragraphs that follow we will discuss four problems 
in a dc generator system. As we discuss these 
problems, apply the procedures just outlined, and see 
if they will work for you. 

19-11. Problem Number 1. The generator is 
disconnected from the load. A voltmeter connected 
between G+ and L (as shown on fig. 62) at the 
voltage regulator base indicates a low output voltage. 
Let 's discuss the most probable cause of a 
malfunction of this type first, then discuss the 
solution to the problem. 
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19-12. Probable causz, There are several things 
in a generator system that will cause a low-voltage 
condition. The following are the most frequently 
recorded causes for low voltage in a dc generator 
system: 

Faulty or improperly adjusted voltage 
regulator. 

High resistance in the internal or external 
connections of the generator circuit. 
Binding, worn, or improperly seated 
brushes. 

A short, grourfd, or open in the generator 
armature. 

19-13. Discussion. Of all the probable causes 
for low voltage in a generator system, the voltage 
regulator rates number 1. In most cases a minor 
adjustment of the voltage adjusting rheostat, located 
on the voltage regulator (this is shown in fig. 63), 
will correct this condition. This is the only 
adjustment that should be made on the voltage 
regulator. 

19-14. The voltage regulator is set at the 
factory, or overhaul activity, to regulate at 28.0 volts. 
The precision of this setting is plus or minus 0.7 volt 
over the full range of generator speed, load, and 
operating temperature. Do not adjust the core or 
pile adjusting screws at any time while the regulator 
is installed in the aircraft. These screws can change 
the voltage setting as well as the regulating 
characteristics of the unit. 

19-15. If the adjustment of the rheostat on the 
voltage regulator does not correct the low-voltage 
reading (with the problem isolated to the regulator), 
replace the regulator. While the regulator is removed, 
inspect the regulator base. Be sure the regulator 
contacts are clean and free of corrosion. After you 
have replaced the regulator, an operational check of 
the system must be performed in accordance with 
the aircraft technical order. 

19-16. Where in the generator system would 
high resistance most likely affect the generator 
output voltage? If you came up with the Held circuit, 
you're right; it's better than ^an even chance that you 
will find the trouble in the field circuit. Just how 
extensive a check should be required to locate the 
trouble will depend upon the generator system which 
you are working. For the generator system just 
discussed, the field circuit can be checked with an 
ohmmeter. Turn back to figure 62 and we will check 
out the field circuit. 

19-17 For example, connect the ohmmeter 
between F+ jnd L- at the voltage regulator, with the 
regulalur relieved. JYom us base. You should read 
between* 1 1/2 to 3 ohms. A reading higher than this 
may inchwrtc trouble in this circuit. Suppose you 



did get a higher reading (9 ohms) than that 
considered normal. What component of the 
generator system would you cheeky and why? 

19-18. Consider this fact. The only contacts 
in this part of the field circuit are in the field relay. 
Relay contacts are a weak point in any low power 
circuit, such as the field circuit of a generator system. 
An ohmmeter check between terminals 3 and 4 of 
the overvoltage control panel, shown in figure 62, 
will test both sets of contacts in the field relay. Any 
resistance across these contacts will require 
replacement of the field relay. 

19-19. Generator output is applied through the 
field relay to the voltage regulator. This circuit also 
passes through contacts of the field relay. High 
resistance across these contacts can also cause' a low 
output condition. 

19-20. The generator may bejat fault. Binding, 
worn, improperly seated, or loose fitting brushes will 
cause a low output voltage. An o.pen or short in 
the armature will also cause this prgoblem. In the 
event the problem is isolated to the generator, a good 
idea would be to remove it and sendVt to the shop 
for bench check. Now let's take a look at a high 
output voltage problem. 

19-21. Problem Number 2. The generator is 
isolated from the load. A voltmeter connected 
between G+ and L- at the voltage regulator base, 
shows a hifth output voltage. The cockpit voltmeter 
also shows a high output voltage. As with the low 
output voltage problem, the resistance of the field 
circuit is affected. 

19-22. Probable cause. The following are the 
most frequently recorded causes for high voltage in 
the generator system: 

The voltage regulator. 

Power short between the generator output 

and the field circuit. 

19-23. Discussion. This reading of high voltage 
is an indication of worse things to come unless the 
generator is immediately disconnected from the bus. 
Keep in mind that various protective devices in the 
system svill automatically disconnect the generator 
from the bus before any appreciable damage can be 
done in the system due to high voltage. High-voltage 
readings in the generator system indicate that there 
is no control over the amount of current flowing 
through the shunt field coils. This, in turn, points 
to our two probable causes stated above. 

19-24. Because of the protective devices in the 
system and the possible damage to the aircraft 
systems, the problem should be checked with an 
ohmmeter from the voltage regulator base. 
Remember, when checking any circuit with an 
ohmmeter, be sure that the battery switch is in the 
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OFF position and that the generator is not running. 
The circuit being checked by ohmmeter must have 
no other source of electrical power than that 
contained in the ohmmeter itself. 

19-25. In thv system the voltage regulator is 
the casiesi component to check first. If there is an 
open in the voltage coil circuit, the resistance of the 
shunt field circuit will be minimum, thereby 
permitting increased current flow in the field circuit. 
This wil] give you the high output voltage reading 
m the system. How will you isolate this type of 
problem? An ohmmeter reading between B and C, 
on the regulator will show you the condition of the 
voltage coil. 

19-26. If the voltage regulator is not the 
pioblem. the entire field circuit must be checked for 
a short between the generator output and the field 
circuit. Do not discount an open ground circuit at 
the voltage regulator base. With an open in the 
ground circuit, no current will flow in the voltage 
coil circuit. As a result, carbon pile resistance will 
again be at a minimum with increased current flow 
in the field circuit. Our next problem deals with 
a zero output voltage from the generator. 

19-27 Problem Number 3. No generator 
output , the test meter reads zero. The generator was 
reset, but the output remained zero. The first thing 
that should come to jnindus the generator. Why the 
generator? If the geheratbr is turning, you should 
get a residual voltage rbadirlg. This reading, for most 
generators, should be 0.5 to 2 volts. 

19 28. Probable cause. Here is a good case 
for a broken generator drive slint't. Look again at 
figure 62. When the generator was reset, the field 
was flashed but the generator output remained zero. 
That eliminates the loss of residual voltage as a 
probable cause. 

19-29 An open lead in the system will give 
you a zero reading if you are depending on the 
cockpit meXer, but your test meter also reads zero 
and is connected to terminal B at the generator. You 
will no doubt agree that the shaft Should be checked 
n?xt. Anyway, we know now thai the trouble is 
m the generator. Ynu check the generator and find 
the drive shaft broken. Before you install a new 
generator you had better do some thinking about the 
cause of the broken shaft. 

19-30. Discussion. Any condition that will 
impose shock loads on the generator may cause 
failure of the drive shaft. The generators in this 
system are driven by reciprocating engines. This, in 
itself, can cause a problem. When the engines are 
started with the generator switch in the ON position, 
the initial acceleration of the engine imposes a load 
on the generator drive sh^i. In this case be sure 



the generator switch is in the OFF position for the 
purpose of reducing the torque required to bring the 
generator up to Speed. 

19-31. Wher) the engines are running rough, as 
they do right after starting, there is considerable 
speed fluctuation. The generators will assume and 
drop load, which in turn imposes large^_sjtresses on 
the generator drive shaft. Again, (hrfing this phase 
of starting, the generator switch must remain in the 
OFF position. i 

19-32. Operation of high loa<$equipment during 
ground handling operations, while taxiing the aircraft, 
imposes stress on the generator drive shaft. While 
taxiing, engine speeds are often changed rapidly. The 
technical order says that high electrical loads should 
be avoided during taxiing operations. The only thing 
you can do about a problem like this, if it persists, 
is to bring it to the attention of the operations 
personnel. 

19-33. Finally, bearing failure, but not to the 
extent of complete shaft seizure, will cause shaft 
failure. Serious roughness can develop, causing the 
air gap to vary or the brushes to bounce, which in 
turn will cause the output voltage to fluctuate. The 
fluctuating voltage will cause shock loads on the 
generator, which can cause the shaft to fail. 

19-34. Problem Number 4. With the generator 
connected to the load, the system ammeter and 
voltmeter fluctuate excessively. This^type of trouble 
can take many many hours of your time and tax 
your knowledge ofa dc generator system to the limit. 
With this in mind, we will discuss some probable 
causes of fluctuating generator output. 

19-35. Probable cause. There are three things 
that should come to mind with this type problem. 
They are: 

Loose connections in the aircraft wiring- 
Defective generator brushes. 
The condition of the commutator. 
19-36. Of all the causes for this type trouble, 
loose connections in the aircraft wiring would be very 
difficult to find. We will discuss this area first. 

19-37. Discussion, it's a good idea to check 
first for loose connections at the various generator 
system components. Experience with a system like 
this reveals that loose connections are often found 
at the voltage* regulator base. If this is not the case, 
then a point-to-point check of the entire control 
system wilX be necessary. Don't overlook the 
possibility of eorosion on the voltage regulator base 
contacts, or the loss of contact tension. Trouble with 
the contacts on tr^e voltage regulator base is con- 
sidered to be a loose connection and could cause 
a fluctuating generator output. 

19-38. If a complete check of the system does 
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not reveal a loose connection, then the generator 
should be checked. Binding, worn, improperly 
seated, or loose fitting brushes will cause fluctuating 
output voltage. Low brush spring pressure, scored - 
or pitted commutator, shorted, grounded, or open 
armature windings can also cause fluctuating output 
voltage. If the generator has any of the problems ■' 
discussed above, it must be replaced. 

19-39. This concludes our discussion of the 
entire dc generator system. There are many such 
systems in use today in USAF aircraft. They may 
not contain all of the same type components as the 
system just discussed, but the principles involved are 
the same. You will find that these same statements 
will be true of the ac system which will be discussed 
in the next chapter. 
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MULTI-GENERATOR AC POWER SYSTEM PROBLEMS 



MOST OF OUR modern aircraft use a great deal of 
ac power: consequently, there has been a switch from 
a primary dc power system to a primary* ac power 
system. One of the most important parts of your 
job, as an aircraft electrician, is troubleshooting 
malfunctions in electrical power systems. One of the 
basic requirements for a good troubleshooter is t to 
have an intimate knowledge of the normal system 
operation. Without this' knowledge, your 
troubleshooting efforts will be hit or miss. 

2. ; In this chapter we, will discuss systems 
/ Operation, power distribution, '.external power 
systems, and troubleshooting* of a multi-generator. ac 
■ power system. Our first discussion will be on normal 
/-system operation. 

20. AC Generator System Description 

^0-1. The generator system to be discussed is 
the 60-KVA main power supply system used on a " 
fighter aircraft. This electrical system consists of two 
30-KVA brush] ess generator systems. Each 30-KVA 
- generator system consists of a 30-KVA, 200/1 15-vac, 
3-phase, 400-Hz generator, a constant speed drive, 
and a vohage regulator/supervisory panel. An ac 
power control box and a frequency and load control ' 
are also used. Each of these serve both the left and 
right generating* systems. 

20-2.. Since we discuss many transistorized 
circuits in this and the next chapter, it is necessary 
to review and expand upon the discussion of solid 
state devices m your previous training. In figure 70 
we have presented a few of the symbols which are 
used throughout the text, In detail A of the figure 
is the symbol for a PNP transistor. You will 
remember that the emitter is identified with an 
arrow. The arrow indicates which way the positive 
hole charges should move. The letters IE, 1C, and 
IB represent the current in the emitter, collector, and 
base of the transistor. The same applies to detail 
B. which is an NPN transistor. This time the arrow 
is pointing away from the base. When you have 
doubts as to what kind of transistor to use, 
remember, the arrow always points toward the 
N-type material. 

20-3. The unijunction transistor that is shown 
in detail C i< nothing more than a diode with two 
connections made to one portion of the 
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semiconductor. Terminal E represents the emitter, 
terminal Bl represents one of the base connections, 
and B2 the other base connection. For all practical 
purposes you can consider the unijunction transistor 
. to have the^same operating characteristics as the 
conventional rN junction. ' 

20-4. Detail D of figure 70 shows the symbol 
for a silicon controlled rectifier (SCR). The SCR 
tan be considered as two separate transistors. The 
SCR consists of an anode, a cathode, and a gate. 
These elements control the turn-on and turn-off 
processes of the rectifiers. 

20-5. The exacting requirements of the various 
electrical and electronic systems in the aircraft, in 
regard to input voltage and . frequency, demand the 
ultimate in performance from an electrical power 
supply system. To handle this requirement, the 
bru shl ess ac generator and its transisto^ed voltage 
regulator maintain the "output voltage within ±2 
percent, with rapid recovery from load changes. The 
constant speed drive and the frequency and load 
control box together provide frequency control 
within ±1 percent. Protective circuits in the voltage 
regulator/supervisory panel and the power control 
box remove the generators from the buses if their 
voltages drop to an undesirably low value or rise to 
an excessively high value. 

20-6, Generator Regulation and Excitation. An 
1 ac generator requires an excitation voltage applied to 
its field before any output can be realized. This 
voltage is obtained from i\ permanent magnet 
generator (PMG) contained within the ac generator. 
The single-phase output of the PMG is applied to a 
transformer-rectifier (T/R) in the voltage 
regulator/supervisory panel (VR/SP). The dc output 
of the T/R (it is in » the VR/SP) is applied through 
a transistorized amplifier (voltage regulator) to the 
exciter field of the generator, as shown in foldout 
3. 

20-7. The generator output voltage is 
maintained at a constant value by comparing the 
generator voltage to a reference, and adjusting the 
excitation accordingly. The voltage regulator 
circuitry is sensitive to small voltage changes, and 
responds quickly to adjust the excitation to the 
exciter field. The low transient reactance of the 
exciter and the gain between the exciter field and 




th€ rotor cause the main generator field strength to 
change rapidly. This action maintains the generator 
voltage relatively .constant under varying load 
conditions, 

20-8. When the generators are operated in* 
parallel, a reactive load loop, consisting of two 
current transformers and a comparator circuit, 
supplies reactive load division signals to the voltage 
regulator. The excitation is increased to the 
generator supplying the- least reactive power, and the 
excitation to the other generator is decreased. In 
this way the reactive load between the generators is 
equalized. , s 

20-9. Generator Frequency Control. Each 
generator is driven by a constant speed drive. The 
drive is a mechanical-hydraulic ~ transmission which 
converts the variable speed of the engine to a 
constant speed for driving the generators. The "drive 
maintains the generator frequency at 400 Hz, with 
engine speeds varying from idle to full military rated 
power. Each drive contains an underspeed switch 
(USS) and a set of bias coils/ The USS is a 
pressure-actuated switch which permits the generator 
to be" energized and connected to the buses if its 
frequency is above approximately 375 Hz. If the 
generator frequency 'drops below 360 Hz, the USS 
trips the generator from the line. The bias coil in 
the drive biases the basic*. gpvernor which allows the 
frequency and load control box (FLCB) to vary the 
speed of the drives, maintaining equal real load 
division between the generators. 

20-10. Generator System Control. 'The ac 
generator system is controlled by the system's 
switching circuits. These circuits connect the 
generators to the aircraft buses when their output 
voltages and frequencies are correct. The generator 
control switch enables the pilot to place the system 
in operation or to reset the system in the event a 
malfunction causes a generator to be tripped off the 
line. The switching circuits also allow the output 
of a single generator to supply the entire aircraft 
electrical load if the other generator should, become 
inoperative. The switching circuits work in 
conjunction with the fault protection circuits to 
remove a faulty generator , from the bus without 
interrupting power to the buses. 

20-11. Generator System Fault Protection. 
Circuitry in the VR/SP provides undervoltage, 
overvoltage, underexcitation, overexcitation, and 
unbalanced current protection. If an overvoltage, 
undervoltage, or excitation fault should occur. - the 
sensing circuits detect the fault and provide signals 
to the system control circuits to remove the faulty 
generator from the bus. The unbalanced current 
sensing circuit senses the amount of current supplied 
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by each generator during parallel operation. If one 
generator is furnishing excessively more current than 
the other, the sensing circuit provides a signal to the 
control circuits to split the buses. Time delays are 
provided in the various protective ctrcufts to prevent* 
nuisance tripping or momentary variations occurring 
during normal system operation. 

20-12. Generator Paralleling. The generator 
paralleling circuit automatically parallels the 
.generators when all the paralleling requirements are 
met. These requirements are as follows: 

Both generators operating. 

Both generator control switches on. 

Both line ^contactors energized. 

The generators' frequency within 6 Hz 

of each other. 

Phase angle between generators j less 
th™ 135°. 

The paralleling circuits are contained in the frequency 
and load control box. The circuit is "essentially a 
phase detector which energizes an automatic 
paralleling relay (APR). The APR then provides a 
signal to the system control circuits to energize the 
tie contractor, thus paralleling the' generators' output. 
■ Now that you have a basic understanding of the 
generator system components, let's AiiscOss. in detail, 
the circuitry required for these components, and how 
the circuitry functions. 

21. Generator System Components and Circuit 
Operation 

21-1. When troubleshooting the 60-KVA*mairi 
power supply system, or any aircraft electrical power 
system, you will find it very helpful if you can divide 
the system into subsystems. Then, by eliminating 
subsystems, the trouble can be isolated u> the section 
of the System which does not work. lo do this, 
you must have extensive knowledge of system 
component operation. You must also know the 
system's operational sequence. These subjects are 
discussed in the following paragraphs. 

21-2. AC Generator. The 30-KVA generator _ 
is a brushless, 3-phase, oil-cooled, synchronous 
machine using an ac exciter. Also contained within 
the generator fs a I 2-pole permanent magffct 
generator (PM(i) which provides power for excitation 
and system control. As you can see in figure 71,, the 
generator is divided into three parts. The permanent 
magnets are mounted at the bearing end of the rotor,\ 
the main generator field windings make up"the center 
portion, and the exciter ac windings are mounted at 
the drive end of the rotor. The generator Held 
rectifiers are mounted m the porjion of the rotor 
supportuig the exciter's ac windings. 

21-3. A brushless generator can be thought of 
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as iwo alternators on a common shaft, one alternator 
acting as the exciter for the other. The exciter field 
is wound on the stator. This is schematically shown 
in figure 72. The exciter ac output windings, the 
main ac generator field winding, and the main 
generator field rectifiers are mounted on the rotor 
assembly, while the main ac generator output 
windings are contained in the stator assembly. The 
excitation voltage from the voltage regulator is 
applied to the exciter control field, which in turn 
is induced in the exciter . rotor" 'windings. This is 
rectified hy the silicon diode generator field rectifiers 
and is applied to the rotating main ac generator field. 
In turn, the generator output voltage is obtained from 
the main ac generator windings. Thus, a dc excitation 
voltage is applied to. the main rotating Tield without < 
the use of brushes and siiprings. 

21-4. Voltage Regulator I Supervisory Panel. 
The voltage regulator/supervisory panel (VR/SP) 
contains all ■ the circuitry required for regulation, 
supervision, and protection fd*r the generating system. 
Many of the functions of the VR/SP are shown in 
foldout 3. The voltage regulator portion of the 
VR/SP provides excitation to the generator and yaries 
this excitation to maintain a constant gener3tor 
output voltage. The supervisory portion of the 
VR/SP monitors" the system operation and, upon 
detecting a malfunction, removes the defective 
system from the aircraft buses: To simplify the 
explanation of the VR/SP, we*will discuss the voltage 7 ' 
regulator first. 

21-5. Vbliage Regulator. The voltage regulator 
'(VR) section of the VR/SP is completely 
transistorized. It supplies ail the excitation to the 
brushless generator during buildup, normal operation, 
and fault conditions. The VR has two modes of 
operation. When the generators are not operating in 
parallel, the regulator controls the excitation to the 
generator's field to maintain a constant output 
voltage. When the generators are operating in 
parallel, In addition to the function of regulating 
generator voltage^ one regulator operates in 
conjunction with the others to equalize the reactive 
load between the generators. At this point, let us 
brea|c the voltage regulator down to see what makes 
it work. 

21-6. The voltage, regulator section of the 
VR/SP is schematically shown in folduut 4. It is 
made up of the following six basic circuits: 

Phase voltage reference circuit. 

Waveshaping circuit. 

Error ensing bndgc. 

Current amplifier. 

Power supply circuit. 

Reactive current sensing circuit. 



We will discuss these circuits one at a-tirne, starting 
with the phase voltage reference circuit. 

21-7. Phase vol tage reference circuit. In 
reference to foldout 4, transformers Tl, T2, and T3 
are connected to phase A, phase B, and phase C 
respectively. The outputs of these transformers are 
full wave rectified by diodes CR1-CR6. The dc 
voltage output from the rectifiers is used as the 
generator phase voltage reference. The level of this 
dc voltage is representative of " the average phase 
voltage. If the voltage on one phase rises appreciably 
above the others, this increases the average of the 
phase voltages, and the dc reference voltage 
increases. IfHthis manner, high phase voltage limiting 
is accomplished. This pulsating dc voltage output 
is then^ajg^fie^ to the waveshaping circuit. 

21-8. Waveshaping circuit. The waveshaping 
circuit is made up of Rl and CI. The 2400-Hz 
ripple on the dc voltage output of the rectifiers is 
changed to a sawtooth wave by the time constant 
of Rl and CL The output of this circuit is a 2400-Hz 
sawtooth (as shown on FO 4) ^Sperimposed on the 
dc phase reference voltage. This signal is then applied 
across the error sensing bridge. 

21-9. Error sensing bridge. The bridge circuit 
is made up of resistor R2, thermistor RT1, 
potentiometer R7, Zener diode CR7, and resistor 
, R12. The error sensing bridge performs two 
functions. The first function is to pulse-width 
modulate the first amplifier stage (Q2), with the 
sawtooth wave riding on the phase reference voltage. 
The second function" is .to detect a change in 
generator phase voltage ar/d bias Q2 accordingly. If, 
for example, the phase voltage drops, the bridge will 
bias Q2 to conduct over a wider portion of the 
sawtooth pulse, thereby increasing the generator 
excitation. Conversely, if the phase voltage increases, 
the- bridge will bias Q2 to conduct over a narrower 
portion of the sawtooth wave, thus reducing the 
generator excitation. 

21-10. The bridge can best' be thought of as 
two parallel resistive legs connected across the output 
of the waveshaping circuit. Components R2, RT1, 
and R7 make up one leg of the bridge, and CR7 
and R12 make up the other leg. CR7 is a Zener 
diode which is used as a constant voltage reference. 
The temperature characterises of thermistor RT1 
are the same as those of the Zener diode CR7. 
Consequently, any temperature effects on CR7 are 
offset by RT1, and the bridge balance is not affected 
by temperature changes. 

21-11. The output of the 'bridge is taken 
between the wiper of R7 and the junction of CR7 
and R12. The polarity of-this output, with respect 
to the junction of CR7 and R12. is dependent upon 
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the direction of the generator voltage error. For 
example, if the generator voltage is low, the wiper 
of R7 is positive with respect to the junction of CR7 
and R12. Wh£n the generator voltage is 115 volts, 
the potential difference across the output of the 
bridge is approximately zero, and the bridge is in a 
balanced condition. 

21-12. Current amplifier. The current amplifier 
is divided into three stages, Q2, Qi, and Q3. Q2 
is a waveshaping amplifier. As discussed earlier, Q2 
is triggered by a sawtooth wave and produces a square 
wave in its output circuit. Ql, a voltage amplifier, 
increases the amplitudes, of the square wave output 
of Q2 sufficiently to drive Q3. Q3, a switching 
amplifier, applies the excitation to the generator. 
The excitation is a pulsating negative dc voltage in 
the form of a square wave. These square wave pulses 
of excitation are of a constant amplitude, the width 
of the pulse being varied to meet the excitation 
requirement of the generator. 

21-13. Power supply. The permanent magnet 
generator transformer-rectifier provides two outputs, 
one used by the VR and the otteer by the supervisory 
portion of the VR/SP. The output used by the VR 
is obtained from a secondary winding of T5 
connected to a full-wave bridge rectifier circuit. The 
positive side of the bridge rectifier output is 
connected to the chassis ground through a set of 
normally open generator control relay (GCR) 
contacts. The negative side of the rectifier output is 
filtered by C30 and C31 and applied to a voltage, 
divider network consisting of R5 and Rl 1. This same 
signal is applied to the emitters of Q2 and Q3 and 
to one side of the, sensing bridge output. 

21-14. R eac tiv e curren t sensing circuit. Th e 
purpose of the reactive current^nsing circuit (RCS) 
is to equalize the reactive load between the generators 
'during parallel operation. Since reactive load division 
is a function of generator excitation, the output of 
the RCS circuit is used to bias the voltage regulator 
circuitry. This signal increases the excitation to the 
generator carrying the least reactive load and 
decreases the excitation to the generator carrying the 
greater reactive load. 

21-1 5 ^ The RGS circuit is made up of two 
identical .bridge rectifier circuits. They are connected 
to the secondaries of, T1..T2, and T4 (refer to fig. . 
73). The primary of Tl is connected to phase A, 
the primary of T2 is connected to phase B, and thy 
primary of T4 is connected, to the, output of*tne 
phase C current transformer loop. The secondaries 
of Tl and T2, in each bridge circuit, are connected 
in series, and'the voltage across them is representative 
of the phase A tg phase B voltage. The voltage across 
the secondaries of T4 is proportional to the amount 
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of reactive load unbalance, and the phase of the 
voltage is determined by the generator which is 
carrying the greater reactive load. 

21-16. When the generators are carrying equal 
reactive loads, the output of the current transformer 
loop is zero. This fs because the current transformers 
are connected with their outputs opposing each 
other. With the output of the current transformer 
loop being zero, only the phase A to phase B voltage* 
appears across the rectifier bridges, and the output 
of bridge A, measured across C8, equals the output 
of bridge B, measured across C7. This results in no 
RCS output across the RCS load resistor R8. 

21-17. As an example, let's assume that the 
left generator is carrying the greater portion of the 
reactive load. The output of the left C phase current 
transformer will exceed the output of the right C 
phase current transformer, and a voltage appears 
across the current transformer loop. This voltage is 
applied to the primary of T4 in both the left and 
right VR/SP. In the left RCS, T4 adds to the voltage 
applied to bridge B and opposes the voltage applied 
to bridge A. This causes a voltage to appear across 
R8. The end of R8 connected to the base of Q2 
is negative with respect to the end connected to R7, 
because the output voltage of bridge B now exceeds 
that of bridge A. The voltage across R8 increases 
the negative bias on Q2, thereby decreasing the 
excitation to the left generator. 

21-18. Since the wiring of the current 
transformer loop to the right VR/SP is 180° out of 
phase with the left VR/SP, the opposite action takes 
place in the right RCS. This increases the excitation 
to the right generator. As the right generators 
excitation is increased, it assumes more of the 
reactive load J while decreasing the excitation to the 
generator causes it to relinquish part of its reactive 
load. This action will continue until the loading is 
equalized. 

21-19. Supervisory Panel. The supervisory 
panel section of the VR/SP is completely 
transistorized, and uses only five relays. The 
supervisory panel performs its functions in groups of 
four operations that occur in sequence. These 
operations are as follows: 
Sensing. 

Time delay (where required). 

Logic decision. 

Control. 

21-20. As you can see from this list of 
operations, the first objective of the panel is the 
sensing of an unsatisfactory condition^ the system 
operation. Once this unsatisfactory condition has 
been noted, a time delay, where required, will occur 
before the sensing circuit could apply a signal to a 



logic decision circuit. The logic circuit will compare 
this signal with the Signals from other sensing circuits 
and operate the appropriate system control circuit. 

21-21. Feeder fault sensing circuit. One of the 
functions of the supervisory' panel is feeder fault 
sensing. A simplified schematic of the feeder fault 
sensing circuit is shown on foldout 5. The feeder fault 
sensing (FFS) circuit performs the protective 
functions of feeder fault protection and generator 
burnout protection. Thus circuit is a low phase sensing 
circuit, and it detects feeder faults by comparing each 
phase voltage with the average of the three phase 
voltages appearing on the voltage regulator error 
sensing bridge. 

21-22. When a feeder becomes faulty, the 
voltage on that phase drops. The voltage regulator 
detects the drop and increases the excitation to bring 
the voltage Ufff J It is this action, plus the extremely 
low impedance of the generator, that causes an 
excessive amount of current to be supplied to the 
fault. If the fault does not clear immediately, and 
if the phase voltage does not drop sufficiently to be 
detected by the undervoltage sensing circuit allowing 
the generator to be tripped on undervoltage, the 
generator <£ould burn out. Under these conditions, 
the FFS c&fcnit reduces ihe excitation to the 
generator, thus preventing generator damage and 
allowing the generator to be tripped off the line on 
undervoltage. 

21-23. The FFS circuitry consists of a half-wave 
rectifier circuit and a blocking diode in each phase, 
a transistor, Q25, connected across the voltage 
reference element, and CR7 of the voltage regulator 
error sensing bridge. During normal operation of the 
system, the dc output of the A, B, and C phase 
rectifier networks is compared to the base of Q25 
by CR117, CR121, and CR125. Q25 is normally cut 
off, and the voltage functions in a normal manner. 
Q25 vyill remain cut off as long as the voltage 
between each phase and neutral does not differ by 
more than approximately 5 volts. 

21-24. If a feeder for any phase faults, the 
voltage on that phase drops. The voltage regulator 
senses thus drop and applies roore excitation to the 
generator. When the generators are in parallel, the 
unbalanced current sensing circuit biases the voltage 
regulator for still more excitation. The dc output 
of the rectifier circuit on the faulted phase drops 
proportionally to the drop in the phase voltage. If 
the phase voltage drop is more than approximately 
5 volts, the blocking diode between the faulted phase, 
the rectifier circuit, and the base of Q25 conducts'. 
This also causes Q25 to conduct, shunting the Zener 
diode CR7. The lower voltage drop caused by Q25 
conducting becomes the reference for the error 



sensing bridge. This new reference is such that it 
produces a generator output of approximately 70 vac 
on each phase. The new level of generator voltage 
is far below the trip-out point of the undervoltage 
sensing circuit . (UVS). The generator will trip off 
the line on undervoltage, and because of the lower 
generator voltage the probability of damage to the 
generator from overcurrent during the UVS time 
delay is greatly reduced. 

. Undervol tage sen sing circu it. The 
undervoltage sensing circuit provides the generator 
system with ]mden/olt age protection. In conjunction 
with the reactive bias circuit, it provides 
underexcitation protection. The undervoltage sensing 
circuit monitors the lowest phase voltage. If this 
voltage is less than 102 volts, the undervoltage circuit 
provides a signal through a 3.8-second time delay 
circuit to trip the generator off the line. 

21-26. If, during parallel operation, a voltage 
regulator malfunction should result in^an unexcited 
condition of the generator, the under^ltage sensing 
circuit (in conjunction with the reactive bias circuit) 
trips the faulty generator system off the line. For 
example, if a generator is underexcited, its output 
voltage decreases. Since" one generator is capable of 
supplying the entire aircraft electrical load without 
going into an undervoltage condition, the decrease 
in voltage from the underexcited generator causes 
only a slight decrease in the voltage on the buses. 
However, the underexcited generator supplies the 
smaUer portion of the reactive current. The reactive 
bias circuit detects this current unbalance, and 
changes the trip-out points of the undervoltage 
sensing and overvoltage sensing circuits. The trip 
points for the generator supplying the most reactive 
current are lowered, and the trip points for the 
generator supplying the least reactive load are raised. 
Since the gener&ters are paralleled and each 
,.. undervoltage sensing circuit is detecting the same 
voltage, the underexcited generator trips off the line 
on an undervoltage fault and the other generator 
supplies the entire aircraft electrical load. 

2 3 -27. Overvoltage sensing circuit. The 
; overvoltage sensing circuit (OVS) provides the 
generator system with overvoltage protection and, in 
conjunction with the reactive bias circuit, provides 
overexcitation protection. The OVS circuit responds 
to the highest phase overvoltage and, through its time 
delay, produces a trip circuit with the delay time 
being inversely proportional to the overvoltage level. 
If a generator becomes overexcited during parallel 
operation, the reactive bias circuit, biases the OVS 
circuit to produce a trip signal with the same time 
delay characteristics as the overvoltage trip signal. If, 
during parallel operation, a voltage regulator 



rn^fynction causes a generator to become 
overexcited, both OVS circuits sense the overvoltage 
and trip both generators. This action results in a 
complete power loss to the aircraft. To prevent this 
from happening, the reactive bias circuit provides 
selective tripping signals to the OVS circuit, and the 
faulty generator will be tripped off the line on 
overvoltage. In the next few paragraphs we will 
discuss the operation of the reactive bias circuit 
during, the time the system is in an overexcitation 
or underexcitation fault. 

21-28. Reactive bias circuit. Let's assume that 
a failure of the voltage regulator in the /left VR/SP 
causes the left generator to be overexcited, and its 
voltage increases to 125 volts ac. /Because the 
generators are paralleled, both OVS /circuits detect 
the overvoltage. However, the reac/ive bias circuit 
(RBC) biases the OVS circuit so/ that only the 
defective (overexcited) generator \i tripped off the 
line. If it were not for this RBC action, both 
generators would be tripped. Of/ course this would 
result in complete loss of the aircraft power system. 

21-29. Because the left i generator is being 
overexcited, it is supplying the most reactive current. 
This causes an output from the' C phase current 
transformer loop which is applied across T7, as shown 
in figure 74. The wiring to the VR/SP from the 
current transformer is such that the output of T7 
adds to the voltage applied to bridge C of the 
generator supplying the greater amount of reactive 
current. Since the left generator is now overexcited 
and supplying the greater amount of reactive current, 
the voltage from secondary 2 of T7 is adding to the 
voltage of secondary 2 of T6 in the left RBC. This 
causes an increase in the positive output of bridge 
C. The voltage from secondary 3 of T7 is opposing 
the voltage from secondary 3 of T6. This causes 
a decrease in the negative output of bridge D. Since 
the magnitude of the positive voltage has been 
increased while the magnitude of the negative voltage 
\^ has been decreased, a positive voltage now appears 
across the RBC load resistors in the left OVS and 
UVS circuits. Since the wiring of the current 
transformer loop to the right VR/SP is 180° out of 
phase with the left VR/SP. the opposite action takes 
place in the right OVS and UVS. 

21-30. We'will assume* the degree of current 
unbalance between the generators is such that the 
positive voltage across the RBC load resistor R74 will 
lower the left generator overvoltage trip point o 1 20 
volts. At the same time, the right generator 
overvoltage trip point is raised by the the same 
amount, making it 130 Volts. Since the overexcitation 
in the^xample raised the phase voltage to 125 volts, 
the left generator trips on overvoltage. Because the 



right generator overvoltage trip point was increased 
to 130 volts, the right generator continues to operate 
normally and now assumes the entire electrical load. 
When the left generator tripped off the line, the loop 
shorting relay was deenergized by the system 
switching circuits, shorting the current transformer 
loop. The RBC output dropped to zero and the 
overvoltage trip point for the right genentor returned 
to normal. 

21-31. The action of the RBC during an 
underexcitation fault is the same as during an 
overexcitation fault. In either case, tlu- RBC lowers 
the trip point of the UVS and the 0\ S circuits in 
the generator system supplying the most current, and 
raises the UVS and OVS trip points in the generator 
system supplying the least current. In the case of,, 
an overexcitation fault, the generator supplying the 
most current is the faulty one and it is tripped on 
overvoltage. In the case of an underexcitation fault, 
the generator supplying the least reactive current is 
the faulty one and it is tripped on undervoltage. 

21-32. Corrtactor logw circuit. The contactor 
logic circuit is shown in foldout 6. It operates the 
generator controj -relay (GCR), the contactor control 
relay (CCR), "and the isolate relay (JR). During 
generator buildup, the contactor logic circuit 
temporarily disables the UVS circuit and closes the 
GCR. This action applies excitation to the generator 
and system control voltage to the CCR circuitry. 
When the generator voltage builds up above 107 volts, 
the UVS circu if signals the contactor logic circuit to 
close the CCR. thus energizing the generator line 
contactor. 

21-^3. The contactor logic circuit responds to 
signals from the system protective circuits to open 
the line contactor, and deenergizes the generator ^in 
the event of a malfunction or fault within the system. 
If an overvoltage-overexcitation or 

undervoltage-underexcitation condition occurs, the 
contactor logic circuitry trips the isolate relay, thus 
opening the tie contactor to allow the protective 
'circuits to trip the defective generator off the line. 
At this point we will take a closer look at the 
contactor logic circuitry. The circuitry shown on 
foldout 6 can be broken down into four basic 
circuits: the GCR close-coil circuit, the UVS 
disabling circuit, the CCR control circuit, and the 
GCR trip-coil circuit. 

21-34.. The GCR is a dual cod latching relay. 
The application of power to one coil closes the relay: 
power to the other coil opens the relay. The GCR 
close-coil circuit lunations to energize (clpse) the 
relay. This will apply excitation to the generator 
and voltage to the CCR control circuit. The close-coil 
circuit functions in the following manner. When the 
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generator control switch (GCS) is closed, voltage is 
applied to 013. Since SCR1 is not normally 
conducting. Ql 3 is forward -biased and conducting. 
The voltage drop across R52 forward-biases Q14, and 
when the underspeed switch closes. Q14 conducts. 
This closes the GCR and at the same time' a set of 
GCR contacts ground the base of Q 1 4, causing it to 
turn off. The GCR now remains closed until the 
trip coil is energized. 

21-35. Undervoltage sensing disabling circuit. 
The UVS must be disabled prior to*the closing of 
the GCS and the underspeed switch (USS) to prevent 
an automatic lockout of the GCR. Transistor Q29 
performs this operation. The UVS trip signal is 
blocked (until the USS closes) by transistor Q29. 
Transistor Q29 does this by keeping Q36 in a state 
of conduction. Normally, if an undervoltage 
condition exists, the UVS will function to trip the 
generator off the line. However, Q29 is cut off 
during initial buildup. Because Q17 of the UVS 
circuity is conducting, electron flow now 1 exists from 
the collector of Q17 through RJ 13, CR103 and 
R] 17, to the unregulated powerygupply . This applies 
sufficient voltage to the base^of Q]6 to keep it 
conducting, and keeps Q9 from firing. Thus no trip 
signal is applied to the contactor logic circuits, and 
when the USS closes, Q14 closes the GCR and the 
generator starts to build up. 

21-36. Contactor control relay control circuit. 
The third basic circuit of the contactor logic circuit 
is the contactor control relay (CCR) circuit. The 
CCR control circuit energizes or deenergizes the CCR, 
which, in turn, energizes or deenergizes the line 
contactor. The circuit consists of transistors Q18 and 
Q] 9 and the CCR coil. Transistor Q18 energizes the 
CCR coil, and Q)9 deenergizes the coil. 

21-37. When the GCR is closed, a dc voltage 
jb applied across the series circuit, consisting of CR53, 
Q19. the CCR coil, CR79, Q18, and CR67. 
Transistor 019 is forward-biased by voltage divider 
network R7'>, R51 , and R48. Q18 is reversed-biased 
because there is no electron flow from the UVS 
circuit through the voltage divider network R7l and 
R78. When the generator voltage builds up to 107 
volts, Ql6 in the UVS will conduct, causing electron 
flow through R71 and R78. This will cause Q18 
to conduct, and the CCR closes, locking itself in 
through a set of auxiliary contacts and energizing the 
line contactor. The CCR remains closed until a 
system protective circuit causes SCR1 to fire and cut 
off Q19, or until the GCS or the USS is opened. 

21-38. When the generator is shut down, either 
by manuajy plaOng the GCS to OFF or a protective 
circuit fires SCfM , the CCR and the GCR must 
operate in sequence. That is, the CCR must open 



before the GCR; otherwise the generator would be 
dcenergized while still connected to the bus. This 
sequencing is accomplished by CCR contacts 2 and 
4. Supply voltage is not applied to Q26 until after 
the CCR has deenergized, thus preventing the GCR 
from opening until the line contactor has opened. 

21-39. GCR trip<oil circuit. The fourth section 
of the contactor logic circuit to be discussed is the 
GCR trip-coil circuit. The purpose of the GCR 
trip-coil circuit is todeenergize the GCR. The circuit 
is composed of Qll, Q12, and the relay trip coil. 
Transistor Q12 energizes the relay coil, while Qll 
insures that Q12'is turned fully on. Normally, Qll 
and Q12 are reversed-biased and not conducting. 
When a system protective circuit fires SCR1, Q26 
being cut off causes Q12 to conduct, opening the 
GCR. With Q12 conducting, the base of Qll is near 
ground potential. This causes Qll to conduct, 
increasing the forward bias on Q12 and deenergizing 
the GCR. 

2 1 -40. Unbalanced current sensing circuit. The 
unbalanced current sensing circuit (UCS) functions 
during parallel operation to split the buses if the real 
load division between the generators becomes 
excessively unbalanced. If a CSD malfunction should 
occur, causing one generator to supply considerably 
more current than the other, the UCS detects the 
unbalance and applies a signal through a fixed time 
delay circuit to the isolate relay circuit. The isolate 
relay then energizes and opens the tie contactor, 
splitting the system. 

21-41. When an unbalanced condition exists, 
a voltage proportional to the amount of current 
unbalance is applied across the bridge rectifier circuit. 
As shown on figure 75, this circuit consists of CR3 3, 
CR84, CR85, and CR86. The output of the bridge 
rectifier circuit, filtered by C24, is applied to the base 
of transistor Q21. Q21 is normally at cutoff. 
However, if the current unbalance becomes excessive, 
the positive output of the bridge will turn on Q21. 
When Q21 conducts, Q20 will conduct. This causes 
most of the power supply voltage to appear across 
R102. When Q20 conducts, the voltage on the 
cathode of CR88 becomes greater than the voltage 
on the anode, and the diode becomes reverse-biased. 
R89 is adjusted so that approximately 5 seconds is 
required for the voltage across C25 to increase to 
a level sufficient to fire unijunction Q22 and to close 
the isolate relay. This opens the circuit to the tie 
contactor, causing the generators to split. Now, the 
system protective circuits in the VR/SP will function 
to remove the defective generator system from the^ 
bus, and the switching circuits will reclose the tie 
contactors, allowing the remaining generator to 
supply the entire electrical load. 
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21-42. This completes our discussion of the 
VR/SP. As you can see, there are many circuits 
contained in this single unit. Looking at foldout 3 
again, you will notice that for each generator there 
are only six major units that can malfunction. So 
far we^ave discussed two of them. Next, we will 
discuss the frequency and load control box. 

21-43. Frequency and Load Control Box. The 
frequency and load control box (FLCB) contains the ✓ 
circuitry required to perform three generator system ) 
control functions. These functions are fine frequency 
control, automatic paralleling, and real load division. 
The FLCB is made up of six major circuits, as shown 
on foldout 7. Let's identify these circuits one at a 
time, beginning with the dc power supply. This 
power supply provides the operating voltage for the 
transistorized circuits. The frequency reference 
provides* a 400 ± 0.2-Hz reference signal. The 
frequency comparator samples the generator 
frequency and compares it to the reference signal. 
The load division demodulator detects a real load 
unbalance between the parallel generators. It also 
provides a pulse amplitude correction signal to the 
power output and mixing circuit. The power output 
and mixing circuit combines the frequency 
comparator and load division demodulator signals iix, 
a correction signal which is applied to the bias coils 
in the CSD. Finally, the automatic paralleling circuit 
will close the tie contactor when the generator 
outputs are within prescribed limits as to phase angle 
and frequency difference. Now we will discuss these 
circuits separately, starting with the dc power supply. 

21-44. DC power supply. The dc power supply 
is a conventional full- wave center-tapped transformer 
rectifier circuit. The power supply receives its input 
> from C phase of the left generator, as shown in 

foldout 8. As previously mentioned, the dc power 
supply provides the operating voltage for the 
transistorized circuits of the FLCB. « 

21-45. Frequency reference circuit. The 
frequency reference circuit provides a 400 ± 0.2-Hz 
signal, which is used'as a standard by the frequency 
comparator circuit. The frequency reference circuit 
consists of two separate circuits, the tuning fork 
oscillator circuit and the fork scale-of-two circuit. 
The tuning fork oscillator circuit produces an 800 
± 0.4-Hz signal which is applied to the frequency 
comparator circuit. 

21-46. When the dc voltage from the power 
supply is applied to the tuning fork, the fork starts 
vibrating. The tuning fork circuit is shown in the 
lower right corner of foldout 8 and in detail in figure 
76. The vibration of the. fork produces an 80O-Hz 
signal, which is amplified by Q801, and appears in 
the form of a modified square wave at the junction 
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of R802 and C802. This signal is stepped down to 
400 Hz by the fork scale-of-two circuit. 

2147. The fork scale-of-lwo circuit \has two 
stable conditions. The circuit is stable wheir Q50. ? 
is conducting with Q504 cut off, and also, when 
Q504 is conducting with Q503 cut oYf. For the 
purpose of explanation, we will assume that Q503 
is conducting and Q504 cut off. The modified square 
""" wave signal from the tuning fork osciiluior is formed 
into a clamped square wave by Zener diode CR505. 
This clamped square wave is coupled to the 
scale-of-two circuit by C503 and C50-L When the 
input signal goes negative, Q503 will c>t off. When 
Q503 cuts off. the collector voltage will increase. 
This causes an increase, in the voltage diOp across 
R516, causing Q504 to conduct. This completes the 
- shift of the scale-of-two circuit from one stable state 
to the other. 

21-48. The next negative pulse from the tuning 
fork circuit turns Q504 off. When 0^04 cuts off. 
collector voltage increases, causing an increase in the 
voltage drop across R515. This turns on Q503, and 
the scale-of-two circuit is now back to l he original 
stable state. The transition from one stable state to 
the -other occurs on each negative pulse of the input 
square wave. This results in an output signal across 
R503 in the form of a square wave exactly one-hall 
the frequency of the input signal. 

21-49. Frequency comparator vircuil The 
frequency comparator circuit consists of three 
reference scale-of-two circuits, three generator 
scale-of-two circuits, and a phase demodulator circuit. 
Looking at the frequency comparator circuit of figure 
77, you will notice that the generator frequency 
, input is to the generator scale-of-two circuit No. I. 
Now three circuits of the generator scale-of-two 
circuit will reduce the generator's input signal to 
one-eight its original frequency. As an example, let's 
say that the generator input frequency ro the 
generator scale-of-two circuits is 400 Hz. Each 
scale-of-two circuit will reduce Us input signal to 
one-half the original value. Therefore, the signal 
' entering the phase demodulator will be 50 Hz. On 
the other side of the circuit at the same time, the 
reference scale-of-two circuits are reducing the input 
signal from the frequency reference circuit. This 
signal is also, reduced to 50 Hz and applied to the 
phase demodulator circuit. The phase demodulator 
will now combine these two signals and provide an 
output signal to the power output and mixing circuit 
in proportion Jo the amount of frequency difference 
between the reference signal and the generator 
frequency signal. * 

21-50. II the generator frequenSy is greater than 
the reference frequency, the feedback circuit blocks 
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the' final generator scale-of-two signal. This results 
in the pulse 1 width of the signal from CR401 being 
the greater, and the power output and mixing circuit 
reduce the speed of the drives. This brings the 
generator frequency down to that of the reference 
frequency. The same also applies when a generator 
is operating al the same frequency as the reference, 
but the phase of the generator signal is lagging the 
phase of the reference signal In this case, the width 
of the output signal from CR401 is greater than the 
width of the output signal from CR402. These 
output signals arc applied to the power output and 
mixing circuit, causing drive speed to increase and 
bring the generator and reference in phase with each 
other. 

21-51. Load division demodulator circuit. The 
load division demodulator circuit provides a voltage 
amplitude modulated signal to the power output and 
mixing circuit. It does this to 'correct for an 
unbalanced real load condition between the paralleled 
generators. The input signal to the load division 
demodulator circuit is supplied by a current 
* transformer loop in the ac power control box. 

21-52. When current is flowing in the C phase 
generator lead, a voltage proportional to the amount 
of C phase current is induced within the C phase 
current transformer, as shown on foldout 9. The 
C phase current transformer for each generator is 
connected with its outputs opposing within a loop. 
When the generators are supplying equal currents, the t 
output of the current transformer loop is zero. 
However, if one gcV^rator is supplying more current 
than the other, an output voltage appears across the 
current transformer loop, if the right generator is 
supplying more current than the left generator, pin 
R of the FLCB connector is positive with respect 
to pin P. If tht left generator is supplying more 
current than the right generator, pin P is positive with 
respect to pin R 

21-53. The load d ivision demodulator contains 
two bridge rectifier circuits. Bridge A and bridge 
B are powered by separate secondaries of Tl through 
separate secondaries of T3. The secondaries of T3 
are so connected in the circuit that when the output 
of one T3 secondary is adding voltage to its bridge 
circuit, the othei T3 5econJar\ is subtracting voltage 
from Us biidgc circuit. Fins results in one bridge 
applying a greater voltage to the power output and 
mixing circuit than to the other bridge. This action 
causes one CSD to speed up slightly and the other 
to slow down slightly, thus balancing the real load 
between the generators. 

21-54 To illustrate the operation of the circuit, 
we will assume that the right generator is supplying 
3 greater amount of current than the left generator. 



This will^cause the instantaneous polarity of pin R K 
to bepositive with respect to pin P. Normally, no 
voltage is present across the primary of T3, and the 
)nly voltage applied across bridges A and B is that 
from the secondaries of TL Thus, the bridge A and 
bridge B voltages applied to the power output and 
mixing circuit are equal. However, one generator is 
now producing more current than the other, and a { 
voltage is applied to the primary of T3 from the 
current transformer loop. The voltage from the 
secondary of T3, connected to bridge B, is opposing 
the voltage from the secondary of Tl, thereby 
reducing the bridge B output voltage. The voltage 
from the T3 secondary, connected to bridge A, is 
adding to the voltage from the secondary of Tl, 
thereby increasing the bridge A output voltage. The 
powe/ output and mixing circuit reduces the speed 
of the right CSD and increases the speed of the left 
CSD. .Because the generators are in parallel, the 
actual spee^i of the drives does not change. It is 
the torque of the drives that actually changes, 
resulting in an equalizing of the real load. 

21-55. Power output and m&ing circuit. The 
power output and mixing circuit is shb^n on foldout 
10. It consists of digital circuitry whicn"integrates 
the frequency error signals from the frequency 
reference circuit witr? the unbalanced load signals 
from the load division demodulator circuits. The 
resultant output signals are applied to the drivep to 
correct the off frequency or unbalanced ^oad 
conditions. 

21-56. For exampfe, we will assume that the 
real loud is balanced between j he generator, and 
the generator frequency il synchronized with the 
reference frequency Under thc*e conditions, the 
voltages from bridges A and B of flVe load di- 
vision demodulator circuit are equal, and the 
widths of the pulses from the frequency compara- 
tor circuit, through CR40I .md CR402. are equal. 
When a positive signal is present from CR402. 
transistors 0201 and Q202 conduct. This allows 
current flow through the left CSD "increase" coiL 
and through the right CSD ••increase , ' , coil. When 
a positive signal appears from CR401, CR402 is 
negative, cutting off O201 and Q202 with Q203 
and O204 conducting. This cuts off the current 
flow ; through the left arid right "increase" coils. 
.Now current is permitted through the left and 
right "decrease" coils. With n^frcquency or load 
error, the "increase 1 ' and "decrease" coils in the 
drives arc energized alternately with pulses of 
equal width and amplitude, thus resulting in no 
change in the drive speed. 

21-57. When the generator frequency is low, 
the width of the pulses from CR402 will be greater 
than the width of the pulses from CR401. This will 
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cause Q20! and, Q202 to conduct longer than Q203 
and Q204, This action energizes the " increase" coLJs 
for a greater period of time than that of the 
"decrease" coils. This causes the drives to increase 
speed until the pulses from CR401 and CR402 arc 
equal. If the generator frequency were high, the 
width of the pulses from CR401 would be greater 
and the opposite action would take place. 

21-58. If the left generator was Supplying the 
greater load current, the voltage from bridge B in 
the load demodulator circuit would be greater than 
the voltage from bridge A. This results in the voltage 
on the right "increase" and left "decrease" coils being 
greater than the voltage on the right "decrease" and 
left "increase" coils. The net result of these voltage 
differences causes the ,left drive to slow down and 
the right drive to speed up. This action equalizes 
the real load by changing the torque on the drives. 
Any combination of frequency and load errors can 
be corrected by the power output and mixing circuit. 

21-59. Automatic paralleling circuit. The last 
circuit contained in the FLCB to be discussed is the 
automatic paralleling circuit. This circuit is shown in 
foldout II. It consists of a phase-shift transformer, 
bridge rectifier, and Kl, the automatic paralleling 
relay (APR). It will parallel the generator ^tpu^s 
(close the tie contactor) when conditions of phase 
angle and frequency between the generators^ are 
suitable for paralleling. 

31-60. The automatic paralleling circuit 
functions as a phase sensitive detector. When the 
left and right generators are placed . in operation, 
phase C voltage from the left generator is applied 
directly to one side of the bridge circuit (refer to 
FO li), and phase C voltage from the right generator 
is- applied to the other side of the bridge through 
T2. When these two voltages are beat together across 
the bridge, the resultant dc output of the bridge will 
vary from zero vdc, when the generators are 180° 
out of phase, to approximately 230 vdc, when the 
phase angle between the generators is zero degrees. 
The dc voltage varies at a rate equal to the beat 
frequency of the generators (refer to details A and 
B of FO II). 

21-61. The dc output of thV bridge is then 
applied to the APR coil. When tne phase angle 
difference between the generators is approximately 
90°, the output of the bridge is enough to close the 
APR. The relay remains closed until the phase angle 
between the generators exceeds approximately 140°. 
At this phase angle the output of the bridge is too 
low to hoid\ln the APR, and it will open. Thus, 
it can be seen r\ow the APR will pulse with the beat 
frequency of the generators. The generator system 
-control voltage is applied to the tie contactor cod 



through the normally^frpcn contacts of the APR. As 
the APR pulses, the tie contactor attempts to pulse 
also. However, due to the physical characteristics 
of the, tic contactor, such as armature size, friction 
between the movable parts, etc., the pulses from the 
APR must be appioximately c )0 milliseconds or 
longer before, the tie contactor can close. The closing 
of the tie coniactor parallels the generator outputs, 
the generators lock in phase, and the APR remains 
closed. , - 

21-62 AC Power Control Box. The ac power 
control bo\ is the main connecting unit between the 
generator and the aircraft loads. By looking at 
foldout 12. you can see that the unit contains the 
following major components: 

Left and right line, contactors, LLC and 
RLC. 

Tie contactor, TC. 
External power contactor, 
Loop shorting relay, LSR. 

- • Cilrrent transformers, CT. 

21-63. Contactors. The ac power control box 
contains four contactors. Each contactor has three 
main contacts to complete the 3-phase power leads 
and several auxiliary contacts used in the switching 
sequence. The left and right line contactors connect 
the output of the left and right generators to the 
aircraft loads. The tie contactor is used to parallel 
these two outputs. The external power contactor 
connects the aircraft loads to the ^external power 
receptacle. The operation of these contactors is 
controlled mainly by the ' voltage 
regulator/supervisory panels. 

21-64. Loop-shorting' relay. The loop-shorting 
relay shorts the three current transformer loops 
whenever the tie contactor is deenergized. This is 
done since the only time the current tfSnsformer 
loops ,are used is when the generators are paralleled. 

21-65. Current transformers. Two current 
transformers are connected to the C phase of each 
generator, and orie to the B phase of each generator. 
The current induced within each current transformer 
is proportional to the amount of current flowing 
within the line monitored. The current transformers 
are connected in a loop and phased so their outputs 
are opposing. The output of the loop is then- 
proportional to the difference in the amount of 
current produced by each generator. The six current 
transformers make up three loops, one for reactive 
biasing, one for real load division, and one for the 
operation of the difference current relay and the 
open phase relay. As -stated previously, all three 
loops o( the current transformers are shorted by the 
loop shorting relay whenever the tie contactor is 
dcenergized. ♦ 



21-66. Constant Speed Drive. The constant 
— speed drive is a mechanical-hydraulic device. By 
controlled differential action, it adds to or subtracts 
from the variable input speed of the aircraft engine 
in t)Tder to maintain a constant output speed. The 
three most important units in die constant speed 
drive for the electrical specialist are the basic 
governor, the limit governor, and the underspeed 
switch. 

21-67. To provide for load division, the basic 
governor is provided with a magnetic trim solenoid. 
The frequency and load control box furnishes a 
corrective signal to the trun head to maintain a 
correct real load division when the generators are 
operated m parallel. 

21-68. The limit governor provides two 
functions. It controls the actuation of the 
underspeed switch and actuates the trip valve. As 
the engines are started and the increasing output 
speed becomes equivalent to 375 Hz, the limit 
governor ports oil pressure to the underspeed switch. 
After engine shutdown the opposite action 
occurs-the governor drains oil from the underspeed 
switch and actuates the trip valve. The action of 
the trip valve drains oil from the control cylinder, 
reducing the drive output speed to minimum. Once 
the drive is placed in this underspeed condition, the 
engine must be stopped to allow pressure to be 
removed from the trip valve, returning the drive to 
normal. The underspeed switch prevents the 
gei^rators from being connected to the aircraft bus 
until the generator frequency has built up to 
approximately 375 Hz. 

21-69. Now that we have discussed the major 
units of the generator system, we will describe the 
operational sequence of the system during normal 
generator buildup and operation. 

21-70. Normal System Buildup. Referring to 
foldout 13. we will start the left engine before the 
right engine. As the left generator builds up speed, 
the PMG output builds up and is applied to the PMG 
transformer rectifier. The output of the transformer 
rectifier is used for generator excitation as a dc 
control voltage for operation of system relays and 
contactors, it is aJso used as a power supply for 
the semiconductor circuits in the VR/SP. When the 
GCS is closed, the control voltage is applied to the 
USS. and through CR25, to the main dc control bus 
in the ac power control box. The USS will close 
when the generator frequency reaches 375 ± 5 Hz. 
Thus action applies the dc control voltage to the GCR 
close-coil logic, circuit and the GCR-1 contacts. The 
logic circuitry Wrgizes the GCR close coil, closing 
the GCR. The GCR-1 contacts^pply control voltage 
to the contactor control relay (CCR) and its logic 



circuitry. The GCR-2 and GCR-3 contacts apply 
excitation voltage from the voltage regulator to the 
generator field. When the generator output rises 
above 107 vac, the left UVS circuit provfdes a "close" 
signal to the CCR logic circuitry. The CCR closes, 
locks in through a logic circuit, and energizes the left 
line contactor (LLC) through TC-1 contacts. The 
LLC locks in through the LLC-1 contacts, and the 
left generator powers the left 115-vac bus through 
LLC-1 0 contacts. The relay's LLC-9 contacts will 
then extinguish the .LH GEN OUT light, but the 
remaining warning lights are still illurninated through 
TC-7, TC-8, and RLC-9 contacts. 

21-71. The main dc control bus voltage is 
* applied through RLC-3 and LLC-2 contacts, the 
normally closed side of TCR-2, and the EPC-2 
contacts to the TC coil. This closes the TC-10 
contacts, and the left generator also powers the right 
115-vac bus. The LH GEN OUT and the BUS TIE 
OPEN lights now being extinguished indicate that the 
left generator is operating normally, powering both 
the left and right buses. 

21-72. As the right engine is brought up to 
speed, the right generator system builds up in the 
same manner as the left system, up to the time the 
CCR closes. The CCR cannot energize the right line 
contactor (RLC) because the TC-2 contacts are now 
open. The TC must be deenergized to allow the RLC 0 
to close, as well as to allow the automatic paralleling 
circuits in the FLCB to check the generators for 
proper frequency and phase relationship prior to 
paralleling. 

21-73. When the right CCR closes, contacts 
TC-4 and RLC-4 energize TCR-2. TCR-2 locks in 
through its normally open contacts, and its normally 
closed contacts deenergize the TC. The TC-10 
contacts open and remove the right bus from the left 
generator. At the same time the TC-4 contacts open 
and reset, TCR-2 and the TC-2 contacts close and 
energize the RLC. The RLC locks in through the 
RLC-1 contacts. RLC-9 contacts open and extinguish 
the RH GEN OUT light. Also, contacts RLC-10 close 
and connect the right generator to the right 115-vac 
bus. * 

21-74. The LH GEN OUT and the RH GEN 
OUT warning lights are now extinguished. This 
indicates that both generating systems are functioning 
properly and are supplying their respective buses. The 
BUS TIE OPEN light is illuminated by contacts TC-8, 
and indicates, that the generators are not yet in 
parallel. When conditions are right for paralleling, 
the APR closes the TC. Voltages from the main dc 
control bus are applied through the LLC-7 and RLC-7 
contacts, the normally closed contacts of TCR-1, the . 
APR contacts, the normally closed side of TCR-2, 
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and the external power contactor-2 (EPC-2) contacts 
to the TC cdil. The loop shorting relay is also 
energized through the LLC-8 and RLC-8 contacts. 
This removes the short from the current transformers, 
allowing the sensing of reactive current and 
unbalanced current. Contact TC-8 will open and the 
BUS TIE OPEN lighr will be extinguished. All three 
warning lights are now) extinguished, indicating that 
the generating systems are operating normally and in 
parallel. 

21- 75. This concludes our discussion of the 
generating system nnd its components. As an 
electrical specialist, I am certain that you are aware 
of the importance of the external power system. Not 
only do we use this sytem to perform operational 
checks on electrical and electronic equipment, but 
other maintenance activities must also depend upon 
it. In the next section we will discuss the external 
power and battery power distribution system. 

22. Power Distribution System 

22- 1. The power distribution system consists 
basically of the left and right 115-vac, 3-phase buses 
and low-voltage ac and dc bus systems. Refer to 
foldout 14 during this discussion. Power from the 
left generator is connected to the left 3-phase, 
200/1 15-volt system through the left line contactor. 
f*ower from the right generator is connected to the 
right 3-phase, 200/1 15-volt system through the right 
line contactor. Under normal operating conditions, 
the left and right 3-phase, 200/1 15-volt systems are 
paralleled through the tie contacts. The 
autotransformer supplies 14/2J£-volt ac power to the 
left 14/28-volt buses and 28-volt power to the right 
and left instrument 28-vac buses. This enables the 
cockpit warning ijglits to be switched from 28 vac 
for day operation to 14 vacjbr night operation of 
the warning light system. 

22-2. External 200/1 15-volt, 400-Hz, 3-phase 
power is used for ground operation. The system we 
.jre about to discuss makes use of an external power 
transformer rectifier for converting one phase of the 
external power source to dc for energizing the 
external power contactor which connects external 
power to the aircraft buses. Let's discuss this system 
in more detail with the help of foldout 14. 

22-3. External fower. The aircraft external 
power control circuit includes the generator control 
switches, external power contactor (EPC). external 
power transformer rectifiers, external power 
receptacle, and instrument ground power switch. On 
foldout 14, you can see that A phase of the external 
power is connected directly to the external power 
transformer rectifier. The 28-vdc output of the 
transformer rectifier is applied to the EPC solenoid. 




When the EPC contactor energizes, the external 
3-phasc, 1 15-vac power is applied to the left 1 1 5-voU, 
3-phase bus. The left 3-phase bus then energizes the 
left T/R, and its 28-vdc output energizes the tie 
contactor solenoid through a set of normally open 
EPC contacts. As you can see, the energizing of the 
contactor applies external power to the right 
1 15-volt, 3-phase bus. Actuating the instrument 
ground power switch will apply power to the 
instrument 1 15-volt, 3-phase bus through the external 
power switching relay and the jnstrument bus lock-in c.£> 
relay. Also contained in the system are 28- and 
14-voIt ac buses which supply the aircraft's 
low-voltage requirements. Looking at the diagram 
you will notice that each ac bus is powered 
independently from an autotransformer. Each 
autotransformer is protected from overloads by a 
circuit breaker. The rest of the power distribution 
system will be discussed with the battery power 
system. 

22-4. Battery Power System. Batteries are by 
far the most misunderstood components in the 
aircraft electrical systems, yej there is no other single 
piece of electrical equipment more important. 
Aircraft have been lost because a battery had not 
been properly maintained, and thus failed to provide 
the necessary emergency power to operate essential 
flight equipment during an emergency. 

22-5. The servicing, charging, repairing, and 
testing of the baft tery as well as troubleshooting its 
control system are some of your responsibilities. The 
knowledge requirements for you to perform these 
tasks are presented ir this section. Because the 
battery and the battery power system are so 
important, let's start our discussion with a review of 
the njckel-cadrtvium battery. 

22-6. Nickel-Cadmium battery. The plates of 
a nickel-cadmium battery are made of a powder 
sintered to a nickel wire screen. The active materials, 
nickel oxide on the -positive pluie and metallic 
cadmium on the negative plate, are electrically 
bonded to the basic plate structure. The electrolyte 
used in the nickel-cadmium battery is a 30-percent 
(by weight) solution of potassium hydroxide in 
distilled water. It provides a conducting path for 
the current which Hows between the positive and 
negative plates. The electrolyte does not take part 
in the chemical reaction as does the sulphuric acid 
in lead-acid storage batteries. The specific gravity 
of the electrolyte is the same whether the battery 
is charged or discharged. 

22-7. A cell is die fundamental unit of a 
battery. The cell consists of the positive and negative 
plate structures, separators, and electrolyte and 
container. The positive and negative plates, which 
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arc assembled as a cell core, are separated from each 
other by two layers of nylon cloth and one layer 
of cellophane. The plate structure is housed in a* 
cell case of molded nylon. The nominal open-circuit 
cell voltage is 1.30 volts. This voltage varies with 
the rate and state of charge. Generally, the higher 
the current drawn from the battery and the lower 
the state of charge, the lower wili be the cell voltage. 
Nickel-cadmium batteries for 24-volt systems consist 
of 19 individual cells connected in series. 

22-8. Nickel-cadmium batteries have several 
mnjor advantages" over the other commonly used 
storage batteries, as follows: (1) deleted. (2) 
the) maintain a relatively steady voltage when 
being discharged at high currents; (3) they are 
not permanently damaged if overcharged., over- 
discharged, or charged in the wrong direction; (4) 
the) can stand idle in any state of charge for an 
indefinite time; (5) they retain their charge if 
stored in a charged condition for prolonged per- 
iods of time; C6) they are not damaged by freez- 
ing: (1) they are not subject to failure by vibra- 
tion or severe jolting; (8) they do not normally 
exude corrosive fumes; (9) they are composed 
of individually replaceable cells. 



the specific gravity is the same whether the bat- 
teries are charged or discharged. 

; 

Paragraph 22-11 and 22-12 deleted. 
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22-9. These batteries are not adversely affected 
by extremely low temperatures. The lower the 
temperature, the better they will retain their charge 
when in idle storage or standby service. They do not 
have to be removed from the aircraft during cold 
weather under normaJ operating conditions. 
Nickel-cadmium batteries will accept a charge at 
temperatures as low as -65° F. While charging at low 
temperatures, a longer period is required to bring the 
batteries up 10 full charge. Generally, the lower the 
temperature, the longer wili be the charging time. 
The voltage on discharge is lower at low temperatures 
than at normal temperatures. Voltage decreases with 
a decrease in temperature, and with an increase in 
discharge rate. The capacity is similarly affected. 
However, the batteries need not be operated 
mterrnittenth at low temperatures as must other 
commonly used battery systems. 

22-10. The state of charge of nickel-cadmium 
batteries cannot be determined by the battery voltage 
or by the specific gravity of the electrolyte. A 
reading of approximately 24 volts means that the 
batteries may be completely charged or aimost 
completely discharged. The state of charge cannot 
be determined by the specific gravity of the 
electrolyte, because the electrolyte is not changed by 
the chemical reaction which occurs in the batteries; 



22-13. Battery power circuit. Referp3$? to 
foldout 14, you can see that the battery power 
system is a very simple circuit con^stirig of a 
nickel-cadmium battery, a 24/28-volt dc bus, the 
battery relay, and the essential 28-vdc bus. The 
purpose of the battery in this system is to provide 
electrical power for the engine ignition, four whitfe 
flood lights, and the EGT indicator inverter. The 
main source of emergency power for this aircraft 
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system comes from the emergency ac generator, 
which is ram air turbine driven. Because this system 
does incorporate a separate emergency power source, 
you can see from the diagram that the battery can 
only be connected 10 the essential bus by one of 
the following conditions: 

When either engine master switch is in the 

ON position. 

Whenever the ground refueling control 
switch is in the REFUEL or DEFUEL 
position. 

22- 14. When either switch gives the battery 
relay a ground, the battery bus will assume a voltage^ 
of 28 vdc, which is provided by the left and right 
transformer rectifiers. So far in this discussion no' 
mention has been made of some of the associated 
systems that operate in conjunction with the battery 
power systems and the battery charging systems. 
This omission is intentional because of the wide 
differences in these systems and because some are 
peculiar to only^one type of aircraft. For example, 
most battery systems provide some means of 
monitoring or indicating battery voltage and the 
amount of charging power available. Other battery 
systems use a variety of warning lights to indicate 
whether the battery is charging or discharging, or 
whether it has reached the end of its usefulness. In 
the next section we will discuss some of the 
malfunctions and indications of the systems discussed 
so far in this chapter. 

23. System Malfunctions 

23- 1. Trouble analysis is a test of ingenuity as 
well as of knowledge. For tliis reason, trouble 
analysis procedures cannot be considered as ironclad 
rules. Experience wQl increase your knowledge of 
various electrical systems, and reveal new checks and 
more efficient methods of troubleshooting. By 
adopting these new methods, you can devise 
shortcuts to eliminate lengthy checks for similar 
troubles. 

* 23-2. Although you have a firm background 
in electrical fundamentals, this is still not enough to 
enable you to do your job with ease. In addition 
to the fundamental information you possess, you 
must have a thorough understanding of 
troubleshooting procedures. Realistic 
troubleshooting is not a hit-or-miss, 
remove-and-replace, or trial-and-error process. It is 
an orderly sequence of mental and physical actions 
ending with the identification and elimination of a 
system malfunction. 

23-3. As you gain experience you will find that 
in most cases, certain troubles are caused only by 
certain components in the electrical system, and that 



you will be wasting your time if you check items 
that have nothing to do with the trouble. For this 
reason we can break these malfunctions down into 
three main categories: frequency*, voltage, and load 
division. Lets start our discussion with the 
frequency problems. 

23-4. Frequency Problems. In almost all cases, 
frequency problems consist of cither constant 
frequencies which are higher or lower than normal 
system frequency. Since only certain units are used 
to control the generator frequency, troubles of this 
nature usuaUy present no great difficulty. For 
example, higher or lower than normal frequency may 
be caused by a defective frequency and load control 
box or by the drive governor system. To determine 
which unit is malfunctioning, you would have to 
remove the connector from the frequency and load 
control box. After this is done, operate the engines 
and build up the generator with the frequency 
problem. If the generator comes on the line, and 
its frequency is within 400 ± 4 Hz, the frequency 
and load control box is defective. If the frequency 
is not within these limits, the CSD may be faulty 
or out of adjustment. If the frequency varies as the 
engine speed is varied, the CSD is defective. If, 
however, the frequency remains steady as the engine 
speed is varied, but is not within 400 ± 4 Hz, 
adjustment of the CSD basic governor is necessary. 
Before you replace a drive unit, however, it is best 
to test the frequency and load control box with the 
electrical power test harness as discussed earlier. 

23-5. Voltage Problems. Another common 
trouble that you will encounter is one in which the 
generator or bus >oltage is higher or lower than 
normal, or th&e is no voltage at all. If the trouble 
is a complete loss of voltage from one generator, the 
first step is to determine if the CSD is turning the 
generator. This can be determined by measuring the 
voltage output of the permanent magnet generator. 
If a good voltage indication is obtained from the 
permanent magnet generator (PMG), the CSD and 
PMG are operating normally. This leaves only the 
voltage regulator or * the generator control relay 
circuitry in the VR/SP. 

23-6. High- or low-voltage troubles are usually 
caused by the VR/SP, the generator, or in some cases, 
the generator drive. Some other possible causes of 
low output voltage are high resistance in either the 
exciter input or output circuit to the generator. Also, 
an open in 'the exciter output circuit of a brushless 
generator can cause low generator output voltage. 
High voltage output is most generally caused by a 
defective VR/SP. CSD, or ac generator. Another 
cause for excessive generator output is the higher 
than normal output from the exciter generator. This 
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can usually be detected by measuring the PMG 
output. A thorough knowledge of the information 
contained on foldout 13 should give a technician 
enough information to be able to isolate any 
malfunction of the ac power system to one or two 
main units. 

23-7. Load Division Problems. Load division 
problems are probably the most difficult and 
thought-provoking problems that you will encounter. 
These are the types of problems that really test your 
knowledge of the electrical power systems and your 
ingenuity in troubleshooting. 

23-8. Load division problems show themselves 
in many ways. A generator in parallel operation may 
not carry its share of the KW or KVAR load, or it 
may try to "hog" the load and carry more than its 
share ^ In some cases you' may notice a marked 
tendency for generators operating in parallel to swap 
the load back and forth between them. In some cases 
of extreme load underbalance, one or more of the 
bus tie relays may split the buses. For example, an 
overexcited generator, in parallel, will tend to carry 
more than its share of* the reactive load, and the 
overexcitation protective device will automatically 
take the generator off the line, 

23-9. Suppose you have discovered a load 
division problem. After testing the frequency and 
load control box or the VR/SP, you find that they 
are functioning properly. Obviously the trouble must 
be somewhere in the sensing circuits for thes^ 
components. You should recall from previous 
discussions that the load division circuits receive their 
input signals from current transformers located in line 
ac power 'control box. The current transformersire 
the source of many malfunctions in the load division 
circuits. Their characteristics are very easily changed, 
either by installing them incorrectly or by facing to 
short them when operating the affected system. If 
maintenance has recently been performed onl the 
affected system, it is worthwhile to check trye cufcent 
transformers of the system for proper connection. 
Another check you should make is to find out 
whether the transformer had been shorted or left 
disconnected when the system was operated. If a 
current transformer is not shorted when it is 
disconnected from an operating system, extremely 
high current will flow through the transformer and 
change its characteristics. 
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ANALYZING CONTROL AND WARNING SYSTEM PROBLEMS 



IF YOU SHOULD accidentally put your hand bn^a 
hot soldering iron, a certain series of events will 
normally occur. First, you should feel some pain 
as the extreme heat burns you. Secondly, the normal 
reaction is to pull your hand away quickly. Two 
specific body systems have been used. The nerves 
in your hand act as a warning system telling you the 
iron is hot. This causes the second body system, 
the brain, to respond, which activates a control 
circuit to move your hand away. Whereas the brain 
is the control center for your body, the pilot is the 
control center for the aircraft. Warning circuits feed 
information to him so -that he can respond with 
corrective action. 

2. As you know from your experiences, a great 
number of manhours are spent maintaining the 
aircraft control and warning systems. The systems 
are as varied as the aircraft. These systems become 
more complicated with each new weapon. In this 
chapter we have chosen four areas that seem to cause 
most of the trouble. The technique that you have 
developed to troubleshoot the systems will apply to / 
most control and warning circuits. Let us begin with $ 
the fire warning system. 

24. Fire Warning System 

24-1. if. Fire is one of the most dreaded 
emergencies that can tiappen to an aircraft. The 
maintenance of the fire warning system must be of 
prime concern to you as a technician. The system's 
proper operation must be counted upon. False 
indications due to malfunctions cost the Air Force 
thousands of dollars per year in missed flights. 
Proper maintenance by you and your men, coupled 
with your complete understanding of system 
operation, can greatly reduce the manhours expended 
on this task. Before we start our discussion on 
system operation we will review the most common ■ 
systems. 

24-2. Types of Systems. There are several basic „ 
fire warning systems being used on the aircraft in 
our inventory. Some of the older planes which were 
thought to be heading for obsolescence have been 
returned to prime importance due to their supporting 
role in Vietnam. We will begin with an earlier system 



used on most aircraft equipped with the R4360 
engine, the Edison thermocouple system. 

24-3. Vie Edison thermocouple system. The .* 
Edison thermocouple system is designed to detect 
fires that occur in the engine nacelles or around the 
auxiliary electrical power plant. Each engine has 
three zones or circuits. A circuit consists of a number 
of thermocouples located in the power plant nacelle. 
Also, a sensitive relay, a test unit and slave relay in 
the fire detector relay shield, and a test switch and 
indicator light combine to complete the circuit. 

24-4. As you should remember, this system 
operates on the principle of rate of temperature rise. 
The difference in temperature rise between the hot 
and cold junctions of the thermocouple can produce 
up to 50 millivolts. This millivolt signal activates 
the system. 

24-5. Hie photoelectric (fireye) system. Some 
aircraft still use this system as the prime fire detector, 
while most cargo aircraft use a variation of it in their 
cargo compartments. This system consists of a 
number of photoelectric detectors, a power unit, two 
signal lamps, a relay, and a rotary test Switch located 
on the fire emergency panel. 

24-6. The operation of the photoelectric system 
depends upon the varying radiation of the flame. As 
the rediatipn varies, the resistance of the detector 
varies. This establishes an output of pulsating dc. 
( If the output signal is in a given frequency range, 
the signal lamp will light, providing the pilot with 
a visual indication of a fire. Because the system is 
frequency sensitive, light sources such as the sun will 
normally not trigger it. 

24-7. The Fenwall fire and overheat detector 
system. The Fenwall system is used on both 
reciprocating and on some older jet engines. It 
consists of a series of adjustable thermal switches, 
an indicator light, and a test switch. The thermal 
switches or detectors may be set for various 
predetermined temperatures. This system normally 
gives an indication of a fire or overheat condition 
when the temperature setting of a^ detector is 
exceeded. 

24-8. Fire detection cable assemblies. This 
system is most commonly rcTerrcd to as the 
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continuous cable system.' It is used on? most aircraft 
thai arc familiar to you. Because this system is most 
commonly used, we wilJ discuss it ..in depth. An 
electrical schematic of a continuous cable circuit is 
shown in figure. 78. The fire detection cable system 
consists of a fire detection cable assembly, a fire 
detection control assembly, a fire pull switch, a red 
warning lamp, a fire detection test switch, and a fire 
detection test relay. The sensing cable assembly 
consists of as many series connected sensing elements 
as necessary for the installation. The cable assembly 
is routed through the engine nacelle and around the 
engine in the paths where fire is most likely to occur. 

24-9. The sensing elements in the cable 
assembly usually consist of two inconel wires that 
arc incased in a temperature-sensitive ceramic 
material. This material is encased in an inconel 
shield, which is a good conductor. The ceramic 
between the wires acts as a dielectric and insulates 
them from each other under normal temperatures. 
One lead is connected to a power source, and the 
other is grounded through the shield. 

24-10. Continuous Cable System Operation. 
When heated, the ceramic decreases in resistance until 
current flows between the wires. This current flow 
provides a signal to the fire detection control unit 
which operates to turn on the red light. The system 
wlrich you are presently responsible for may vary/ 
For qxample. some sensing elements have just a single 
conductor running through the center of the element 
and use the shield as the second conductor. There 
are actuall> two different types of continuous cable 
lire warding systems. One uses a transistorized 
detection control circuit, while the other uses a 
magnetic amplifier. We shall restrict our discussion 
to the transistorized system. The entire circuit for 
this system can be divided into four basic circuits 
as follows: 

Power supply circuit. 

Sensing circuit. 

Amplifier circuit. 

Warning circuit. 
Each circuit \s\\l be discussed in the above sequence 
with respect to normal conditions. Following this 
is a discussion relating to the complete operation of 
the system. 

24-1 1. Power supply circuit. Dc power for the 
detection control circuit is supplied by the aircraft 
/power system through a voltage regulator circuit 
\containmg transistor Q3, resistors RIO and R12, and 
diode CR2. A 28-volt dc potential is applied to the 
normally open set of contacts of relay Kl and the 
collector of transistor Q3. The regulated output from 
this transistor, which is connected as a common 
collector amplifier, is used to bias transistors Ql and 
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02 in, the amplifier circuit. 

24-12. "The sensing circuit The sensing circuit 
contains the sensing element, resistors Rl, R2, and 
R3, diode CR1, and capacitor CI. Normally, the 
I impedance of the sensing element is large (equivalent 
[approximately to an open circuit). It will affect the 
* network only if it is heated. It has a negative 
temperature coefficient of resistance. Tfris means 
that if the temperature should increase, its resistance 
will decrease. 

24-13. During normal operation, a constant 
potential is applied to the circuit from the voltage 
regulator. Because all components in the circuit have 
constant values (here we assume the impedance" of 
the sensing element to be equivalent to an open 
circuit) current flow through the emitter-base 
junction of transistor Ql and resistor Rl, R2, and 
R3 establishes a maximum positive potential at the 
base of transistor Ql. Therefore, the emitter-base 
junction of transistor Ql, in the amplifier circuit, is 
forward-biased at a maximum value, and diode CR1 
is reversed-biased. 

24-14. The amplifier circuit. The amplifier 
circuit is a two-stage amplifier composed of 
transistors Ql and Q2, the coil of relay Kl, and 
various resistors. Both transistors are connected as 
common emitter amplifiers and are directly coupled 
together. Furthermore, the coil of relay Kl fin series 
with the collector of transistor Q2) is deenergized 
when transistor Q2 is cut off. It has already been 
shown that the emitter-base junction of transistor Ql 
normally has a maximum forward bias. However, 
since this is a common emitter amplifier, its output 
voltage will be at a minimum positive value. /This 
voltage, when applied to the base of transistor Q2, 
reverse-biases its emitter-base junction, which cuts off 
transistor Q2. Therefore, relay Kl is normally 
deenergized. 

24-15. Tlie warning circuit The normally open 
contacts of relay Kl and the fire warning light make 
up the warning circuit. Under normal flight 
conditions, the relay, is deenergized, which opens the 
circuit to the fire^warning light. It is obvious that 
the light should/illuminate only if a fire occurs. 

24-16. Circuit operation. It has already been 
established "nhat under normal conditions, if the 
impedan$£ of the sensing element is equivalent to an 
open circuit, the potential applied to the base of 
transistor Ql is at its maximum positive value. This 
causes its output voltage to be at a minimum value, 
which is applied to the base of transistor Q2, cutting 
it off. Therefore, transistor Q2 does not conduct, 
relay Kl is deenergized, and the warning light is out. 

24-17. When a fire occurs, the impedance of 
the sensing element decreases. This additional path 



for current flow is from the junction of resistors Rl 
and R2, diode CR1, and capacitor CI through the 
sensing element. Therefore, the voltage at this point 
decreases as the impedance of the sensing element 
decreases, decreasing the reverse bias of diode CRl. 
At a certain temperature (and therefore impedance) 
of the sensing element, diode CRl becomes 
forward-biased. When this occurs, the voltage at the 
base of transistor Ql is reduced, thereby increasing 
its output voltage. This forward-biases transistor Q2 
enough to energize relay Kl and complete the circuit 
for the fire warning light. If the temperature of the 
element decreases, its impedance again increases, and 
diode CRl again becomes reverse«biased. In this way 
the entire circuit reestablishes itself to its normal 
condition. 

24-18.* Maintaining Fire Warning Sy^emi. The 
secret of success in maintaining the fire warning 
system is preventive maintenance. A direct 
relationship exists between your inspection 
procedures and the reliability of the system. The 
shop to which you are presently assigned may have 
all of the types of systems we have discussed. The 
technical data for each assigned aircraft will provide 
you with the inspection procedures. You, as a 7-Ievel 
technician, must see that the inspections are 
performed in accordance with that technical data. 

24-19. Inspecting Inspections. One of your 
major responsibilities as a technician will be 
supervisory inspections. These may he thought of 
as inspecting inspections. How can your inspections 
keep the fire warning systems operating? One 
menace to good system operation is corrosion. The 
rapid temperature changes encountered in the engine 
area make it a perfect breeding ground for this 
culprit. We as electricians fail sometimes to place 
the proper emphasis on corrosion control of the fire 
warning system. Good inspections will reveal the 
highly corrosive areas, allowing you ^ to take 
preventive action- 

24-20. The F-106 is equipped with the 
continuous cable system. When the test switch is 
placed in the TEST position, a ground is provided 
for the cable assembly. This operation checks the 
cable assembly for continuity. Since each segment 
• has a specific resistance, the system will not function 
correctly if any one of the interconnectors has 
become corroded. It is not feasible to break each 
connection in the system to inspect for corrosion, 
nor is it called for in the inspection requirements. 
However, because of the high rate of malfunctions, 
a method for checking this item had to be devised. 
It was discovered that if the detector control unit 
was removed and the test relay closed, a continuity 
check could be made from the detector unit 




connector plug.. Ffoui the tech, real order the 
maximum total resistance of each loop was 
determined. With this information the system could 
be checked for corroded connections. An increased 
total loop resistance would indicate the need to clean s 
those connectors m the loop being chocked. This 
check greatly reduced the number of problems 
encountered in the F-106 system. 

24-21. Another menace to me fire warning 
system is the maintenance personnel that work in the 
engine bay area. One of the last infections before 
the engine is cowled, or in the case of a jet before 
the engine is installed, is a visual and operational 
check of the fire warning system. You as a supervise.! 
must insure thai the system is eorreu before the area 
is closed. Many inanhours have been expended by 
having to repeat work because we i uve failed to pa\ 
attention to details such as this. 

24- 22. We would be at fault if we did not 
discuss the other inspection requn ements. Proper 
safety wiring, frayed wire, bent or kinked cable 
assemblies, bent or broken mounting buckets, and 
the condition of the insulators arc some of the things 
that you should be concerned about during a periodic 
inspection. A saying from the "Ole Sarge" might 
fit here. "Anything worth doing is worth doing 
right." Good inspections can save you many hours 
of headaches in the fire warning >ystem. Another 
system that is involved in warning the pilot that 
unsafe conditions exist is the master caution system. 
Thjs system is our next topic for discussion. 

25. Master Caution Circuits 

25- 1. Most of today's modern aircraft are 
equipped with a master caution and warning light 
system. This system is designed to caution the 
aircrew that an unsafe or potentially unsafe condition 
exists. Once the light is activated, ^ome member ot 
the aircrew must reset it to cause it to go out. Thus 
is to insure that there is an awareness of the warning. 

25-2. There are several types of master caution 
and warning systems in use today This discussion 
will be limned lo solid >tate circuitry, llowevei. 
many of t : «e co<< opts used are similar to older 
systems. As you study the master caution and 
warning circuits, compare them with the one used 
on your aircraft and notice their similarities. 

25-3. System Characteristics. The entire 
system is prunardy contained in two separate units, 
namely, the main caution light^panel and the master 
control light assembly. This system is composed ot 
the individual caution lights, the master caution light, 
a shutter, and the electronic circuitry required for 
its operation. This circuitry can be divided into three 
separate circuits as follows: 
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The individual caul ion light circuit. 
The niasler caution light circuit. 
(X D 6 The reset circuit, 
i or our analysis ol i lie operational chaiacteristies of 
Hie niu.sjer caution system, refer to figure 79. You 
should be familiar with the electronic symbols used 
trom our review in Chapter 9. Let's begin with the 
individual caution light circuit. 

. 25-4. 77/c' Individual Caution Light Circuit. The 
individual caution light circuit is located in the main 
caution light panel. This circuit includes diodes CR1, 
CR2. CR3. CR4. the caution light module, and a 
bright-dim switch When a 28-volt dc signal is applied 
to the fault input or test input, a circuit is completed 
through the individual light module. If the ground 
is available through the bright-dim switch, the lights 
will be bright If not. the circuit will be completed 
througli Zener diode CR], causing the lights to be 
dim. The application of this fault signal also applies 
a positive voltage through diode CR5 to the master 
caution input cncuit. This allows the operation of 
the master caution light if silicon controlled rectifier 
SCR1 in the rc^et circuit is not conducting. 

25-5 fylash-r Caution Light Circuit The master 
caution light cncuit is made up of two lights, a 
shutter coil, transistor Ql. unijunction transistor Q2, 
silicon controlled rectifier SCR2. diodes CR5 and 
CR6. capacitor C2 k and resistors R4 througli RIO. 
TV application of 28-vdc to this circuit provides the 
power to illuminate the lights, operate the shutter, 
and bias the circuit. When a positive voltage is applied 
to the master caution input circuit, the master 
caution lights illuminate and the shutter opens after 
a time delay. If this input signal is reduced, the lights 
go out and the shutter closes. 

25-6. Under normal conditions (no aircraft 
malfunctions), transistor Q) is biased a I cutoff. The 
emitter is at a positive potential established by a 
voltage dividing network consisting of resistor RIO 
and diode CR6 However, the base is at ground 
potential because no input signal exists. This 
reverse-biases the emitter-base junction of transistor 

01 Since transistor QI cannot be conducting, the 
master caution light is obt and the shutter is closed. 

% 25-7. Where a system fault occurs, a positive 
potent^ is applied to the junction of 'esistors R4 
and R5\a voltage is =then simultaneously applied 
to base I and base 2. as well as to the emitter of 
unijunction transistor Q2. However, these positive 
potentials arc not necessarily the same or constant. 

25-8 With the initial application of a fault 
signal, the emitter of Q2 is near ground potential, 
because capacitor C2 charges through resistor R4. At 
the same instant the potentials at base 1 and base 

2 are at different positive values These potentiaJs 



arc determined by a voltage dividing network 
consisting of resistors R5, R6, R7, and the N-section 
of Q2. This reverse-biases Q2 upon the initial j 
application of a fault signal. Therefore, transistor 
Ql remains cut off because the potential at its base " 
has not changed. 

25-9. As the time interval increases from the 
initial application of a fault signal, the potential, at 
the emitter of Q2 increases with time. At some 
instant during the charging cycle of C2, the emitter 
of Q2 becomes positive with respect to gradient^ 
voltage directly across from its emitter. When this 
occurs, Q2 becomes forward-biased and conducts. 
This creates enough positive potential at the gate of 
SCR2 for it to conduct. This results in the 
application of a positive potential to the base of 
transistor Ql with respect to its emitter, 
forward-biasing its emitter-base junction. Transistor 
Ql conducts, allowing the master caution lamps to 
illuminate- and the shutter to open. 

25-10. The lamps continue to glow and the 
shutter remains* open as long as SCR2 is conducting. 
Furthermore, SCR2 conducts as long as a high 
enough input voltage is applied to the master caution 
input circuit. To turn off the light and close the 
shutter, the input voltage need only be reduced in 
magnitude. This can be achieved by either one of 
two methods. One, obviously would be the removal 
of the initial fault condition. The other is done by 
pressing the master caution light cover. This operates 
a reset switch which activates the reset circuit. 

25-1 1. Hie Reset Grcuit. The reset circuit is 
made up of one reset switch, resistors R2 and R3, 
capacitor CI, and a tripping device, SCR1. The 
circuit affords a method of turning off the master 
caution light and closing the shutter after the 
condition is noticed. 

25-12. Depressing the cover of the master 
caution light assembly activates the reset switch. This 
applies a positive 28-volt dc potential to one side of 
resistor R3. The potential on the other side, at the 
gate of SCRJ, is initially zero, because capacitor CI 
must charge througli resistor R3. As this voltage 
increases exponentially with tirne, the voltage to the 
gate of SCR1 also increases. When the gate voltage 
reaches the firing potential for SCR1, it conducts and 
reduces the potential at the junction of resistor Rl ^ 
and diode CR5. Because this reduced voltage is 
coupled to the master caution input circuit, the 
magnitude of the master caution input voltage is 
reduced. 

25-13. This reduction in the master caution 
input voltage reduces the voltage at the cathode of 
SCR2, turning it off. The voltage at the base of Q^l 
is also reduced, which again reverse-biases its 
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emitter-base junction. This cuts off, transistor QL 
which turns off the master caution light and cibses 
the shutter. Unijunction transistor 02 is also cut 
off, because the voltage at its base L/and base 2 is 
reduced to a level sufficient to (reverse-bias its 
junction. We should note here that the master 
caution light cannot be relit from the original fault 
condition if it is uninterrupted. However, if a fault 
should occur in another system, the master caution 
light would then come on. Also, you should notice 
that the individual caution light is in no way affected 
by the operation of the master caution light circuit. 
This light will remain on until the fault is corrected. 
One of the many systems that have inputs to the 
master caution system is the fuel warning circuits. 
The pilot must have constant control over his fuel 
supply. The next system which we shall discuss is 
the fuel system and its circuitry. 

26. Fuel System Circuits 

26-1. Many of the troubles you have 
encountered on the aircraft have been in the fuel 
system circuits. If you are like most electricians, 
several long nights have been spent troubleshooting 
this system. Most of this time could have been saved 
if r^ore had been known about the operation of this 
system. 

26-2. Until recently, the responsibility for fuel 
system' maintenance belonged to several career fields. 
Although we now have fuel system specialists, you 
as an electrician must be able to troubleshoot the 
circuitry. This requires a solid understanding of 
system operation. You must also be able to train 
your men in system troubleshooting. This again 
requires y^ou to know how the complete system 
operates. In this section we will discuss fuel system 
operation and circuitry. The system We have selected 
to discuss is a typical system found on fighter 
aircraft. You may work on another type system, 
but you should find the operating characteristics and 
basic circuitry of this system much like your own. 
We will break our ' discussion into several specific 
areas, such as: 

Engine fuel supply. 

Fuselage fuel supply. 

External fuel supply. 

Air refueling system. 
A good places to begin our discussion is with the 
engine fuel supply. 

26-3. Engine Fuel Supply. The engine fuel 
supply system is defined as that portion of the fuel 
system, which maintains a continuous supply of fuel 
to the engines during all attitudes of flight. This 
is done by two ac motor-driven, centrifugal-type 
boost pumps. They are located in the bottom of 
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the number 1 'fuel cell. * These pumps supply fuel 
ikuler pressure directly to the engines. Provision is 
also made, for a gravity fuel system in case of a 
double-pump fjilurc. The gravity rate of fuel flow 
is, enough to keep the engine running ,at reduced 
power settings. •* 

26-4. Both boost pumps feed into a common 
manifold which separates to direct fuel to each 
engine, A mtftor-driven shutoff valve and a flapper 
check valve are located in each oi these engine 
manifold lines. Also, located in trie lines are the right 
and left fuel hydraulic radiators and boost pump 
pressure transmitters. j . ^ 

/ 26-5. Fuel is pumped from the number 1 fuel 
cell by the two submerged double-ended boost pumps 
mounted in the bottom of the cell. Bach pump is 
driven by a \J[ 5/208-volt, 3-phase, 400-Hz ac motor. 
Both boost purr.pa operate continuously during 
normal flight conditions or when external power is 
applied and' either of the following conditions exist: ■ 
When either engine master switch is 
placed in the ON position. 
When the ground fueling Switch is 
placed in either lite REFUEL or 
DEFUEL position wiln both engine 
master switches off. 
When either boost pump cheJk switch 
is placed in the CHECK, position. 
26-6. 'The engine fuel shutoff valves, located 
in each manifold, open when the engine master . 
switch is placed in the ON position, and the 
corresponding engine tliroule is advanced to the 
IDLE position. Tins allows fuel lo flow to the 
engine-driven pumps., The pressure in each' engine 
manifold causes; the boost pump pressure transmitter 
to send a signal to the boost pump pressure indicator 
on the pilot's console., 

26-7. The^mber 1 fuel cell tiiat supplies fuel 
to the engine fuel system receives *uel from the 
fuselage fuel supply system. Now that we know how 
fuel is fed to the engine, we need to find out how 
we move fuel from the other cells. The fuel is'moved 
by the fuselage I'uel supply system. 

26-8. Fuselage Fuel Supply The fuselage fuel 
supply system (see FO 1 5) consists of cells 2 through 
7. Cells numbers 4 and 6 each contain an electrically 
driven fuel transfer pump and a hydraulically driven \ 
fuel transfer pump. These four pumps feed a 
common manifold which transfers fuel into cells 1 
and 2. The flow of fuel is controlled by pilot valves 
and control valves located in cells 1 and 2. The 
pressure switches in the system are energized during 
the transfer pump checks. 

26-9. The electrically driven transfer pumps run 
continuously whenever power is available and either 




engine maslcr switch is on, or both engine master 
switches oft", and the ground refueling Switch is 
in the REFUEL or DEFUEL position. The 
hydraulically driven transfer pumps run during the 
four specific operations that follow: J 

Afterburner operation on either 

engine. 

.Air refuel switch to EXTEND. 
Fuel load in cells 1 and 2 falls below 
1800 pounds. 

Hydraulic transfer pump check switch 
in the CHECK position. 
As long as electrical power is maintained on the 
hydraulic transfer pump control valve by the 
hydraulic transfer pump and fuel transfer relay, the 
hydraulic system pressure is held off the pump. 
When power is^remove/1 by the hydraulic transfer 
pump control relays on the master switches, the 
control valve allows hydraulic pressure which causes 
the pump to run. As you can see, if the aircraft 
experienced an electrical power failure, the hydraulic 
pumps would transfer the fuel to cells 1 and 2. 

26-10. You should begin to see the relationship 
o;f system to system. When you are called upon to 
analyze a fuel problem, you must be able to isolate 
the specific system having difficulty. Once you have 
made this determination, your knowledge of specific 
system operation should lead you to the 
malfunctioning component. The next portion of the 
fuel system to be discussed is the external fuel 
supply. 

* 26-11. External Fuel Supply. The external fuel 
system is composed of two 370-gallon external wing 
tanks, one 600-gallon external centerhne tank, and 
the lines and valves necessary to control fuel transfer 
from the external tanks to the fuselage cells. These 
tanks and their related components arc shown in 
foldout 16. Exiernal fuel is transferred to fuselage 
cells. 1. 3. and 5 when the external transfer switch 
(refer to FO 16) is placed in either the CENTER 
or OUTBOARD position. When the external transfer 
switch is placed in the OFF position, external fuel 
transfer stops. 1 

26-12. When the external transfer swittlj is 
placed in the CENTER position and a centerline tank 
is aboard, the system is configured as follows: 

a. The refueling shutoff valve and the centerline 
shutoff valve are both energized open. 

b. The fuel flow transmitter is energized to 
illuminate the CTR EXT FUEL light when the flow 
from the centerline tank stops. 

When the external transfer switch is placed in the 
OUTBOARD position with either external wing tank 
aboard, the system is configured as follows: 

a. The external wing tank shutoff valves arc 




energized open. 

b. The fuel flow transmitters are energized to 
illuminate the L EXT FUEL and R EXT FUEL lights 
when fuel from each tank stops. If the external tanks 
arc not installed, all pressure regulators, pressure 
vacuum relief valves, and fuel shutoff valves are 
energized closed. Additionally, the mechanical 
disconnects are closed to prevent loss of fuel in the 
event a shutoff valve malfunctions. 

26-13. Fuel is transferred from the exiernal 
centerline tank into the aircraft by air pressure. The 
pressure is maintained by an aircraft mounted 
pressure regulator and vent valve combination. During 
refueling, the fuel level in the tank is controlled by 
the tank control valve and pilot valve located in the 
tank. All tanks contain a float assembly which 
actuates a FULL light in the cockpit. The pressuxe 
regulators and pressure vacuum relief valves that 
control the air pressure for the internal wing tanks 
are located in the wings. When either external wing 
tank quick-disconnect is connected, a circuit from the 
external wing tank pressurization relay is completed. 
The tanlcs will pressurize as soon as external electrical 
power is applied or if a generator is put on the line. 
This ene^izes the pressure vacuum relief valves closed 
and dpens the pressure regulators* 

26-14, The pilot may then transfer fuel from 
the external wing tanks by placing the external 
transfer switch in the OUTBOARD position. This 
opens the two external wing tank shutoff valves. 
When the external wing tanks are empty, a float 
lowers to the bottom of the tank and closes the 
control valve. So far we have discussed the systems 
that provide fuel for engine operation. We have 
looked at those systems while the fuel is beingjnoveel 
into the feed cells. There is one important system 
left for us to discuss, the air refueling system. 

26-3 5. Tlie Air Refueling System. The air 
refueling system provides a means for transferring 
fuel from a tanker aircraft to the fuel cells during 
flight. The tanker boom connnects to the fuel system 
through a .receptacle mounted on- the top of the 
fuselage above the number 2 fuel cell. A hydraulic 
actuator raises and lowers the receptacle as required. 
In addition to the actuator (refer to fig. 80)/ the 
receptacle package incorporates an induction coil, a 
nozzle lock limit switch, a nozzle contact limit 
switch, a receiver retract limit switch, a receptacle 
illuminating light, and a sequencing valve. An air 
refuel switch, a boom release switch, a receptacle 
downlock timer, a control amplifier, a demagnetizing 
relay, and a reset switch are located in the cockpit. 
Each controls some function of the air refueling 
system. A green DISENGAGE light and a green 
READY light are mounted at eye level in the forward 
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cockpit. The receptacle is illuminated for night 
refueling operations. , - 

26-16, To prepare the air refueling system for 
air refueling from the tanker, the air refuel switch 
is moved to EXTEND (refer to fig. 80), and the r 
number 1 solenoid in the nozzle lock sequencing 
valve is energized to extend the receptacle. The 
receiver retract limit switch is actuated to the 
EXTEND position, and the receptacle illuminating 
lights come on. The green READY light comes on 
when the receptacle is in the EXTEND position. 
When contact is completed between the tanker and 
the receiver, and the boom is seated in the receptacle, 
the nozzle contact limit switch is actuated. This 
completes the circuit to the coil of the nozzle lock 
sequencing relay. When the relay actuates, both 
solenoids on the nozzle lock ■ sequencing valve- are 
energized. The nozzle locks will move to the LOCK 
position and actuate the nozzle lock limit switch. 
This causes the thyratron in the signal amplifier to 
fire and actuate relays K.1 and K2 in the amplifier. 
At the same time, it sends a signal to the tanker 
through the induction coils in the receptacle and in 
the boom, to inctjeate that the system is ready to 
receive fuel. 

26-17. When refueling is completed, a 
disconnect action can be initiated from either the 
receiver aircraft or the tanker. From the receiver 
aircraft, the pilot initiates disconnect action by 
depressing the boom release switch on the stick grip. 
This causes the thyratron to fire, through relays K3 
* and K4. Hie DISENGAGE light comes on, the coil 
of the nozzle lock sequencing relay becomes 
deenergized, and the nozzle iocks^are released. At 
the same time, the coil of the demagnetizing relay 
is energized. When this relay actuates, a pulse of* 
C current passes through the receptacle induction coil. 
This signal is picked up by the induction coil on the 
boom and shuts off the flow of fuel from the tanker. 
When the receiver aircraft has disengaged from the 
tanker, the air refuel switch can be moved to 
RETRACT. This energizes the receptacle downlock 
timer, deenergizes the number 1 coil, and energizes 
the number 2 coil of the nozzle lock sequencing 
valve, retracting the receptacle. When ihe receptacle 
retracts fully it opens the receiver retract limit switch, 
disengaging the air refueling receiver timer. After a 
60-second delay, the air refueling receiver timer 
. deengerizes the receptacle manifold selector valve. 
With the air refuel switch in RETRACT, a'.l power 
is removed from the amplifier. All relays in the 
amplifier reset, and t\ie DISENGAGE light goes out. 
All remaining relays in the system revert to the 
normal in-fligj|t position, and the fuel system is set 
up for normal operation. 



26- 18. We have discusseo> the four major 
sections of the aircraft fuel system. You must be 
able to analyze malfunctions and quickly isolate the 
trouble to one of these systems. Another system 
that has given the electrician much trouble is the nose 
gear steering system. Next in our discussion of 
systems, we shall cover modern transistorized nose 
gear steering. 

27. Nose Wheel Steering Circuits 

27- 1. The need for the pilot to have positive 
control of the aircraft during ground operation 
created the need for the development of nose gear 
steering systems. As aircraft have become more 
sophisticated, so have their systems. The rapidity 
of advancement in technology has created a situation 
where you may have some aircraft with the earliest 
mechanical system and some with the ■ latest 
transistorized system. For our discussion in this 
section, we will use a typical transistorized control 
box. as seen in figure 81. 

27-2, Operational Analysis. The nose gear 
steering system may be energized when the nose gear 
is down and locked and the may^.gear stunts are 
compressed. As the pilot moves the rudder pedals 
back ar*d forth, he varies the output voltage of the 
nose gear steering command (input) potentiometer. 
This signal is then applied to a differential amplifier 
in the nose gear steering control unit. The output 
of the differential amplifier determines which coil 
will receive more current in the nose gear steering 
servo valve. This valve controls the right or left turn 
function of the nose gear steering power unit. Geared 
to the power unit is the nose gear steering followup 
potentiometer. The followup output signal is also 
applied to the differential amplifier. If an error signal 
exists between the output of the followup and 
command potentiometers, the differential amplifier 
produces a differential current to the servo valv^rr 
which directs hydraulic How-to the vane motor in 
the power unit. The vane motor turns the wheels 
in the desired direction to reduce this error .signal. 
As outputs of the two potentiometers become equal, 
the error signal is [educed, ahd- the differential 
amplifier reduces differential current to stop, the 
" J wheels aPthe desired angle of turn. 

27-3. In the event of an open or short circuit 
in one of the inputs to the control unit, a failure 
detection network detects this and removes hydraulic 
pressure from the steering system. This network 
consists of a dual three-input AND gate which drives 
a lockout network consisting of a timing network and 
a silicon controlled rectifier (SCR). When a failure 
exists, transistors Ql and/or Q2 will cut off and start 
the timing process which fires the SCR. These 
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devices are shown in figure 81. Action of the SCR 
causes a relay lo decnergizc, interrupting the ground 
path from the solenoid in the nose gear steering 
selector valve. When the solenoid in the selector valve 
is deenergized, hydraulic pressure is removed from 
the steering system. Recycling of the steering switch 
resets the SCR and allows normal operation to 
resume, providing the cause of the original failure is 
removed. 

27-4. Right turn theory. When the right rudder 
pedal is moved forward to execute a right turn, the 
command potentiometer wiper arm, mechanicaUy 
Linked to the rudder pedal, produces an increasing 
voltage through pin M into Lhe differential amplifier 
(Al). In Al. the voltage is applied through CR7 
and CR8 to the base of Q4. The emitter of Q4 
applies an increasing current to the base of Q3. 
Current from the crrutter of Q3 passes through R12, 
and off the wiper arm of R14 to the collector of 
Q5. Q5 acts as a Gurrent stabilizer. Current from 
the emittertfol Q5 passes through R17 to the -24-vdc 
powe/ supply. Increased current to the base of Q4 
and Q3 results in increased conduction (reduced 
impedance) in the return path of the right turn coil 
in the servo valve. Current from the power supply 
to the center tap (neutral) of the servo valve, increases 
through the right turn coil, back into pin L to Al, 
and through CR9 and Civl 1 to the collectors of Q4 
and Q3. From Q4 and Q3, current follows the same 
path as current from the wiper arm of the command 
'potentiometer. The servo valve is now subjected to 
a differential current, and directs hydraulic flow to 
the vane motor for the purpose of turning the wheels. 
As thcSwheel lurns^ the wiper arm of the followup, 
potentiometer moves to produce an increasing voltage 
to pin N. From pin N the voltage is applied to Al, 
through CR13 and CRM, to the base of Q7. The 
emiucr of Q7 applies an increasing current to the 
base of Q6. Current from the emitler of Q6 passes 
through R16 and R14. Q7 and Q6 increase 
conduction (reduce impedance) in the return path of 
the servo valve left turn* coil. When voltage from 
the followup potentiometer equals voltage from the 
commar/d potentiometer, the error signal is zero and 
current equalizes in the left and right turn coils of 
the servo vaJve. The servo valve with no differential 
current holds the wheels at the desired degree of right 

27*5. Left tarn theory. As the left rudder pedal 
is moved forward to execute a left turn, the 
command potentiometer wiper arm produces a 
decreasing voltage through rjin M. and along the same 
path as the increasing right turn voltage. Q4 and 
Q3 decrease in conduction, which provides higher 
impedance in the servo valve right turn coil. Current 



from the power supply to the -center tap of the 
■ .servo valve connector increases through the left 
turn coil back to pin J, and through CRlO and 
CR12 to 07 and 06. Current flows from the 
emitter of 06 through R16 to R14, and from the 
wiper arm of R14 the path for current is the same 
as that for a right turn.,, 

27-6. As the wheel/turn, the wiper arm ot the 
followup potentiometer produces a decreasing 

^voltage. This voltage' enters the control unit to Al. 
Q7 and Q6 decrease conduction in the return path 
of the servo valve right turn coil. V\£hen voltage from 
the followup potentiometer equals voltage from the 
command potentiometer, the error signal reduces, 
and current between the left and right turn coils of 
the servo valve equalizes to hold the wheels at the 
desired degree of left ti^fn. 

27-7 Failure defection theory. The failure 
detection | circuit detects a short, open, or 
intermittent signal from me command potentiometer, 
foDowup potentiometer, arrd->servo valve. Depressing 
the nose gear steering switch provides 28 vdc to the 

' control unit power supply (A2), and through R2 and 
R3. Voltage through R2 is applied to JLl and to 
the anode of SCR2. Voltage through R3 is^plied 
to the coUector of Ql of the dual three-input AND 
gate network. If signals from the command 
potentiometer, foDowup potentiometer, or servo 
valve become shorted or open, negative voltage 
through R13 and R15 will be applied to the bases 
of Ql and Q2. Ql and/or Q2 no longer conducts, 
thus opening the ground path from R3 of A2. 
Voltage now passes from R3 through CR3 to the gate 
of SCR2. It fires and provides a short circuit "to 
ground for voltage applied to' the coil of Kl. Kl 
deenergizes, and the ground path for the selector 
valve solenoid opens, causing the solenoid to 
deenergize, removing hydraulic pressure from the, 
system. Because SCR2 is self-healing, when the cause 
for failure is removed, the system may be recycled 
and normal operation resumed. This" will complete 
our discussioff* on the operational characteristics of 
the nose gear steering system. Your system may be 
characteristically the same. If it is not, many of these 
operating principles slfill apply to your system. We 
will also spend some time discussing the major 
components in this system. 

27-8. Detailed Component Theory. As a 
technician responsible for maintaining the nose gear 
steering system you must become familiar with each 
component. Each system varies in its makeup, but 
you should be able to make application of these 
operating principles to the components in your 
system. Let's begin our discussion with the nose gear 
switches. 
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27-9. Nose^gear steering switches. Dt-pressirig 
the nose gear steering swatch applies 28 vdc \o the* 
, control unit, through pin C/to the failure detection 
circuitry in the power supply f A2). From A2, power 
is supplied to energize relay Kl. The now closed 
contacts, Aland A2 of relay Kl, provide the ground 
path for the selector valve solenoid. ~%hould any one 
of the nose gear steering switches fail to make 
contact, the failure detection circuitry locks out the 
system. 



27-10. Nose gear steering command 
potentiometer. The command potenti6meter is a 
siiic on e-oil- filled device with a nonlinear resistance 
characteristic. This potentiometer produces a high 
system gain for coarse steering near the outer limits 
of no§e wheel travel, and a low system gain for fine 
steering arojirid the neutral point of nose wheel 
travel. The electrical connections to this 
potentiometer are shown in figure 82. A 500-ohm 
resistor is placed In series with the wiper for its_ 
protection. Beyond the resistance function^ are 
shorting bars (zero resistance) for a finite wiper 
position change. This function covers- 1 124°. The 
remaining portion of the 360° rotation presents an 
open circuit to the wiper. The wiper arm of the 
command potentiometer is mechanically linked to , 
the rudder pedal torque tube. When the^ rudder 
pedaJs are in any position other than neutral, the 
error signal produced is fed into the differential 
amplifier of the control unit, and the nose wheel 
starts to move in the desired direction. When the 
nose gear is at neutral, the wiper arm output \s 
^approximately 27 vdc. The wiper arm output at 70°,, 
Vight is approximately 42 vdc. At 70° left the output 
'is approximately 12 vdc. This type command 
potentiometer has unusual wiper noise characteristics 
which must not be interpreted as a defective unit. 

27-11. - Nose gear steering followup 
potentiometer The followup potentiometer is a 
linear device with the wiper arm connected to the 
ojears inside the hydraulic power unit. The output 
of the^wiper arm determines the degree in which the 
nose wheel will turn. The electrical connections to 
this potentiometer are shown in figure 83. The 
followup output lags but Is the same as the output 
of the command potentiometer. Care must be taken 
when you check the unit not to interpret Hie opening 
or shorting barsjihside this potentiometer is a Jefeet 
in the unit. 

27-12. Selector valve The selector y.^ve is a 
remotely controlled. three-way, two v osition. 
single-solenoid valve employed to dii.'cf utilitv 
hydraulic system pressure Mo the nose gear steering 
system. Hie selector valve should be energized wluv 
the relay inside the control unit >senergi/ed. because 
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: he ground path ior the/p?*ector valve i>,jh rough rhe 
energized confab's ol-nhe control relav. 

27- i 3* Sen » valve. The servo valve »s composed 
of a sliding piston, receiver pipos. feedback spring, 
and a flexible pipe, which is connected to two 
solenoids. When the left or nght turn transistor, 
located in the control unit, starts to conduct, the 
ground for one of the solenoids is completed and 
the solenoiCU is energized. As the solenoid is 
energized, the flexible pipe is directed to one o\ the 
receiver pipes at one end of the sliding piston. 
Hydraulic fluid -flows through to on.; end of ih.3 
piston. The hyduulic pressure shifts the piston and 
opens a port to ifie hydraulic motor which turns the 
wheel. The pision will remain in thi. position as 
long as the ground path through the .ontrol unit is 
made. When the ground is opened, the solenoid will 
deenergize. and hydraulic pressure will reposition the 
piston to a neutral or normal position e Whe'n the 
piston shifts back to normal, hydraulic pressure is 
removed from the hydraulic motor, stopping the nose 
wheel. * 

27- 14. /fc power supply To conclude uur 
discussion of the nose wheel steering system, we will 

-discuss briefly the power supplied in the system. 
This system is shown in the lower left side ol figure 
81. Single-phase ■ I 1 5 vac is applied through pin Y 
to transformer Tl. , TI provides two outputs of 100 
vac. each with Respect to the center tap. These 
voltages are used to Sevelop three resistor-capacitor 
power supplies. Diodes* CRu and CRS rectify the 
m-phase portion of the TI outpui to produce 
full-wave rectification to feed 41 v^ to the command 
and followup potentiometers and 58 vdu to the^rvp 
valve. CR7 and CR9" rectify the out-of-phase portion 
of the output of TI to produce -24 viic to bias the 
failure detection circuitry. 

28. Logical Troubleshooting 

28- 1. Today we live in an age of automation. 
Complex systems of all kinds are automated, even 
to the point ot automatic checkouts, self-checking 
procedures, and self-repair capability. Complex 
systems still fail in spite of all the *?if- trouble shooting 
capabilities built into them, and in spite of the flow 
charts and troubleshooting "cookbooks" prepared for 
the technician. Someone must fix ?!*e system, and 
get the "bird" buck into rhe air Who is tins person, 
and how does he do the job 0 

28-2. The man who will be called upon to 
perform these, difficult nonroutine jobs is the 
trouble shoot int! ./-\pert He does not rely on magic 
<>r guessing to -jei tl?c .ystem operating again: lie relies 
on logical systematic troubleshooting techniques. The 
expert knows there are the following four parts in 
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trt ubl jshootnig 

Knowing in detail how the sysicm 
works. 

Knowing how to use the test 
equipment. 

L^ing technical orders and 
maintenance manuals effectively. 
Logically analyzing the 

troubleshooting information he 
obtains from the malfunctioning 
• \ stem, 

AJI four parts listed are necessary, but the first three 
have been well covered in this CDC as well as in your 
previous 1 raining. In this section we will concentrate 
on the last part, the logical analysis of the 
mlormaiion -lite iroubleshootcr has available. The 
general principles and techniques to be discussed 
jppi> to mobi tioubleshootmg situations 

28*3. Troubleshooting Principles. As we have 
discussed ^throughout this chapter, having specific 
experience/ with each system is one way of becoming 
a good tf/nibleshooter. When you find a mauAvho 
has worked on a specific ajrcrafi for any length of 
nme you can say he is a good troubleshooter. But 
should he be transferred, will—he still be a good 
troubleshooter" 1 Learning how^ta use sound 
troubleshooting principles will help you improve your 
technique and possibly make you an expert. 
Troubleshooting principles came from years of 
practical experience and many research studies. 
These principles jre not startling, new. or different. 
Thejf emphasize practicality, efficiency in checking, 
and\ma\imum use of information. Systematic 
application of ikesC, pimciple<> will lead the 
troubleshooter to success when using a reasonable 
n'H ibci ot cheeks Ask voursclE these two questions 
:\t each step 01 check in the troubleshooting process: 
Where to check$> 
What type of check to make'.' 
The troubleshooting principles will help you answer 
these questions. 

28-4. Initial bracketing. The first question you 
have to answer i^ "where to check 0 " This question 
can be answered by a logical sequence of general 
steps. You firsi determine the broad limits that 
encompass the location ot the defects or difficulties. 
This is called the area of uncertainty. i( should be 
inclosed with brackets, either physically on the 
diagram or mentally as you analyze. For instance, 
if you have a work order on the fire warning system, 
it most likely wih read "Fire warning light came on 
after 10 minuks 0! flight." At this point it could 
he anything the system, including normal 
operation The entire system is now the area of 
uncertainty. Nou you must narrow the limits so that 



the area of uncertainty becomes smaller, and until 
the specific defects arc pinpointed. You do this by 
making appropriate tests or checks. This is a 
repetitive process. After you have established each 
pair of brackets, you should make a check somewhere 
between the brackets, interpret this check, and 
reposition your brackets.- Repeat this until you have 
the trouble isolated to just one component. Where 
do we begin? Let us look at the symptoms. 

28-5. Symptom-pattern recognition. If we look 
carefully, we will find the symptoms indicating a 
malfunction. Look at all the indicators available, 
such as the voltmeters, ammeters, frequency meters, 
and indicating lights. Answer the following 
questions. Is the voltage correct? Is the current high 
or low? What warning lamps are on? From this 
information you should be able to determine the 
symptoms. In the case of a fire warning writeup, 
you need to check the system's present condition. 
Did the warning light remain on? Is there any 
evidence of fire in the engine area? Assuming there 
was no fire, and -the warning light it still on, where 
do we go from here? You are right! You must check 
the diagram to find the abnormal circuits that could 
turn the light On. - You should concentrate on the 
warning light part of the circuit. From this you can 
determine what may or may not cause the light to 
come on. Check those circuits that could cause this 
symptom. The problenr is obviously not in these 
circuits that have no control over the light, 

28-6. Establishing the brackets. Remember, the 
area in which the trouble could be located is called 
the area of uncertainty, because this is the area in 
which the status of rhe ciicnitry is uncertain. As 
you look at the diagram(see fig. 78). you must 

/determine the boundary of this area. If the fire r iill 
switch is good, that is, not shorted, there are three 
parts of the circuit that could turn the light on; 
namely, the cable assembly, the control assembly, 
and the test relay. Your brackets should include" 
these circuits. Remember, the abnormal circuit is 
the portion of circuitry which is affected by the 
troubles in the system. It may coincide with the 
area of uncertainty, but only for initial bracketing. 
You can obtain at least two benefits by using 
brackets. First, determining the area of uncertainty 
makes it easier to avoid pointless checks. And 
secondly, the brackets help you to pick the best 
check from among the possible good checks. We are 
all guilty of pointless checks. An irrelevant check is 
^onc that w<£>might make outside of the trouble 
' brackets. A chccl^jike tills adds no new information, 
and the trouble " brackets remain the* same. A 
redundant check is a check made within the trouble 
brackets which adds no new information and-%hich 
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brings us no closer to finding the trouble. A 
premature check is also to be avoided. Wc may end 
up changing parts, and still have troubles in the 
system. .As we make each move, we should stop and 
think about what the information from the cheek 
tells us concerning the size of the trouble brackets. 
Where are our trouble brackets now? We must plan 
our checks to include new information within the 
new brackets. We may have to use all of our previous 
information in order to decide upon the next 
appropriate check. 

28-7. Analysis Application. Let us look again 
at the diagram for the fire warning system. Select 
a central point, and determine what check we will 
make. If we should choose to check pin I of the 
control assembly with an ohmmeter to see if we have 
a ground, that is a good choice. If we do not find 
a ground, we must check both the cable assembly 
and the test relay. The brackets have moved. The 
problem is most likely in the control assembly. A 
voltage check reveals 28 vdc at pin 4 on the control 
assembly. This indicates shorted, contacts at relay 
Kl. Again, the brackets have moved. To confirm 
our finding, a continuity check of pin 2 to pin 4 
o^J^-c6ntro\ assembly will show that the contacts^ 
"6T relay Kl are shorted. 

28-8. This ha^ been an easy problem, but the 
principles used apply to any troubleshooting job. 
You solved the fffc warning problem with two 
checks, and make a third to confirm your findings. 
That's not bad. Let's sec how you sho.uld proceed 
in the master caution system. The write up reads. 
"The master caution light will not reset." What is 
your first step? Good, yoti must remember to 
check the symptoms. Are there any :ndividi_I 
caution lights on? No! Is the master caution light 
bright? Yes! So far, so" good. What should you do 
now? Yes, look at the diagram (refer to fig. 79). 
As we establish our brackets, we should note 
certain conditions. Ftrvt, the 25-vdc input must be 
good because the lights arc on. Secondly, this 
leaves only two paths to* be abnormal, the rc»- et 
circuit and the master caution inpw circus:. 1i : 
two circuits come together in the nn. 1 tcr caution 
input circuit. If you check • voltaic input of 
Lhe reset circui:.to t u e. > .asf^r cauttcn input cir- 
cuit, you can cr\L- a*, enoic pe.^ct ci cant. \\ !u.n 
the reset witch elided, the ventage al our check 
point should to down It dai^ not. You have 
moved our nrackefe. No^ you y^edl +b ohd^cfhe 
reset circuit input. When -ho reset -;wiic. i5 ju^cd. 
you read 28 vdc. Again the bracket* moved. 
You now Know the problem i.^ in the reStif trigger- 
ing circuit in the Main Caution light panel, A 
continuity check from the gate of SCR I to the 
reset input indicates an open. What's the 



malfunction'' !<3 is open. Wu cj-. t doily see tl«; 
advantages in logical sren .ly-^ep irouDieshvoiii 
When you 'ransfer \ ou will \ti!l be an expeit 
troubleshoot, r. The Mr Force spends millions ol 
dollars in rnanhouis and for parts-collars r!u;i :»eea 
not be spent if you and your pcoplv become expert 
troubloshootcrs. 
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WORKBOOK 
Aircraft Electrical Repair Techmckn 




This workbook places the materials you need where you need them while you 
are studying.^ In it, you will find the Study Reference Guide, the Chapter Review 
Exercises and their answers, and the Volume Review Exercise. You can easily 
compare textual references with chapter exercise items without flipping pages 
back and forth in your textf You will not misplace any one 6f these essential 
study materials. You will have a single reference pamphlet in the proper sequence 
for learnSg. 

These devices in your workbook are autoinstructional aids. They take the 
place of the teacher who would be directing your progress if you were in a 
classroom. The workbook puts these self-teachers into one booklet. If you will 
follow the study plan given in "Your Key to Career Development/' which is 
in your course packet, you will be leading yourself by easily learned steps to 
mastery of your text. 

If you have any questions which you cannot answer by referring to "Your 
Key to Career Development" or your course material, use ECI Form 17, "Student 
Request for Assistance," identify yourself and your inquiry fully and sertd it to 
ECI. 

Keep the rest of this workbook in your files. Do not return any other part 
of it to ECI. 
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Study Reference Guide 

Chapter Review Exercises 
Answers to Chapter Review Exercises 
Volume Review Exercise 
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STUDY REFERENCE GUIDE 



1. Use this Guide as a Study Aid. It emphasizes all important study areas of this volume. H 

2. Use she Guide as you complete the Volume Review Exercise and for Review after Feedback on the Results. 
After each item number on you VRE is a three digit number in, parenthesis. That number corresponds to 
the Guide Number in this Study Reference Guide which sho&s you where the answer to that VRE item 
can be found in the text. When answering the items in your VRE, refer to the areas in the text indicated 
by these Guide Numbers. The VRE results will be sent to you on a postcard which will list the actual 
VRE items you missed. Go to your VRE booklet and locate the Guide Number for each item missed. List 
these Guide Numbeta-^Then go back to your textbook and carefully review the areas covered by these Guide 
Numbers. Review the entire VRE again before you take the closed-book Course Examination. 

3. Use the Guide far Follow-up after you complete the Course Examination. The CE results will be sent 
to you on a postcard, which will indicate "Satisfactory M or "Unsatisfactory" completion. The card will list 
Guide Numbers relating to the questions missed. Locate these numbers in the Guide and draw a line under 
the Guide Number, topic, and reference. Review these areas to insure your mastery of the course. 

Guide 

Number Guide Numbers 1 00 through 136 \ 

100 Introduction to the Aircraft Electrical 
Repair Technician; Specialty Description, 
pages 1-3 

{ * 

101 Safety and' the Supervisor, pages 3-6 



Guide 
Number 

1 10 Introduction to Maintenance of Shop Test 
Equipment; MC-2 Generator Test Stand, 
pages 28-29 

111 AC Control Panel Test Sets, pages 29-33 



102 Security and the Supervisor, pages 6-7 

103 Introduction r to the Electric Shop; Scope 
of Maintenance, pages 8-12 

104 , Shop Publications, pages 12-17 

105 Introduction to Supervision and Training in 
a Maintenance Environment; Supervision: 
General; The New Worker, pages 18-20 

106 Supervision: Personnel Relations in 
Supervision, pages 20-21 



112 Introduction to Use and Maintenance of 
Electronic Test Equipment; Resistance-, 
Current-, and Voltage-Measuring 
Equipment: General; Resistance-Measuring 
Devices, pages 34-37 

1 13 Resistance-, Current-, and 

Voltage-Measuring Equipment: Measuring 
Current pages 37-38 

114 Resistance-, Current-, and 

Voltage-Measuring Equipment: Measuring 
Voltage, pages 38-43 



107 Supervision: Making Work Assignments; 
Reviewing the Work; Improving Work 

s Methods, pages 21-23 

108 Supervision: Preparing Personnel Rating 
Forms, ATC Graduate Evaluation Program, 
pages*fe23-24 

109 Training, pages 24,-17 



115 Special Aircraft Power Systems Test 
Equipment, pages 43-44 

116 ~* Introduction to Analyzing Complex DC 
— ^ Circuits; Magrt^tic Circuits, pages 45-48 

117 Analyzing Conduction, pages 48-50 

118 Complex DC Circuits: Bridge Circuits, 
pages 50-55 
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Guide 
Number 

119 



120 



121 



122 



123 
124 
125 

12fr 



Complex DC Circuits: Mesh Circuits, pages 
55-57 

Introduction to Reactors in Circuit 
Relationships; Reactance and Frequency in 
Circuits, pages 58-61 

Circuit Application of Reactors, pages 
61-64 ^ 

Introduction to Diagnosing Malfunctions in 
a Multi-Generator DC Power System; 
Generator System and Component 
Operation, pages 65-69 

Power Distribution System, pages 69-71 

System Analysis, pages 71-74 

Introduction to Multi-Generator AC Power 
System Problems; AC Generator System 
Description, pages 75-76 

Generator System Components and Circuit 
Operation: General; AC Generator; 
Voltage Regulator/Supervisory Panel; 
Voltage Regulator, pages 76-78 




Guide 

Number f 

127 Generator System Components and Circuit 
Operation: Supervisory Panel, pages 78-82 

128 Generator System Components and Circuit 
Operation: Frequency and Load Control 
Box, pages 82-84 

129 Generator System Components and Circuit 
Operation: AC Power Control Box; 
Constant Speed Drive; Normal System 
Buildup, pages 84-86 

130 Power Distribution System, pages 86-88 

131 System Malfunctions, pages 88-89 

132 Introduction to Analyzing Control and 
Warning System Problems; Fire Warning 
System, pages 90-92 

133 Master Caution Circuits, pages 92-94 

134 Fuel System Circuits, pages 94-96 

135 Nose Wheel Steering Circuits, pages 96-98 
336 Logical Troubleshooting, pages 98-100 
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MODIFICATIONS 

3 ~~~ cZ/ of this publication has (have) been deleted in 

adapting this material for inclusion in the !, Trial Implementation of a 
Model System to Provide Military Curriculum Materials for Use in Vocational 
and Technical Education." Deleted material involves extensive use of 
military forms, procedures, systems, etc. and was not considered appropriat 
for use in vocational and technical education. 
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CHAPTbR 5 

Objective: To be able toxin ily/.e various situations and resolve th- scLvti'W .nd use of the proper 
electronic test equipment. / 

1. What major factor must he considered be lb re selecting nn\ piece of . ; .1 .n>iin^-equ^WrH^ tlO- 



X 



2. Name Che three most common devices used to i:icast:rc rCM*' mce^r ( 1 0-2) 

/ 

3. For what purpose do most ohmmeters have a scale multipliLauon feature; 1 (10-7) 



4. What type ohmineic^irc;.! 1 i% ji.d*-' r v-a../hi! scale? (10-8) 



5. - How does the current through the meter movement differ between the seues and shunt type 
ohmmeter? (10-0) 



o. What is meant oy the >a> . ^ a Muni type umnnicter ha^ a du^c scale' {10-W) 



7. When using an ohmmeter with a>fow-ohrn scale, why is it important to leave it in the low-.iiim 
position > (10-10) 



(j : 

^ JL 



8. How can an ohmmeter be used to check a capacitor? (10-11) 



l ). On a megger, what is mcanl by the term floating pointer? (10-14) 



10. Whal is the value of output voltage for most meggers? (10-14) 



H. Is the following statement true or false? One of the outstanding features of the megger is the 
independence of the indications with respect to the speed at which the crank is turned, or the 
strength of the permanent magnet. (10-16) 



7 



12. When the megger is tested for leakage, you should read with the leads open' and 

with the leads shorted. (10-17) 



13. What measuring instrument is the most accurate for making resistive measurement? (10-20) 



14. Whal type meter movement is commonly used in the detector circuit of a bridge? (10-21) 



15 When is the detector in a bridge at maximum sensitivity? (10-22) 



23 
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16. Name an elementary precaution that you must use wher\ measuring low resistance with 3 
bridge. (10-24) ^ 



17. The limitations of a Wheatstone bridge are encountered when 



or resistances are measured. (10-25) 



18. What consideration must be given when choosing a shunt for operation of an ammeter'' (10-30) 



19. The ammeter should always be connected so that the meter terminals are :n what relaMonship to the 
circuit polarities? (10-38) * Q 



20. What unit must be used with a D'arsonval meter movement to measure high voltag'es? (10-40) 



11. Name three things that can be changed on a voltmeter to increase Us sensitivity. (10-45) 



22. How is the accuracy of a voltmete$ generally expressed 0 (10-46) 



23. Describe the shunting effect of a voltmeter. (10-49) 
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24. What is the primary advantage of the VTVM over ordinary voltmeters? (10-51) 



25. What is the purpose of the negative 5-volt bias on the tube grid in a basic VTVM? (10-53) 



Yb 



26. An ac vacuum tube voltmeter can be calibrated to read 
values. (10-57) 



27. Why is it important to ground the ac probe immediately after testing an ac circuit that has high dc 

present? (10-59) \ ' 

\ * 4 



28. Operation of the oscilloJcope is based upon the and ; of a beam of 

electrons used for the purpose of producing a visible trace on a fluorescent screen, (10-62) 



29. What two functions are performed by the aquadag coating on. a CRT? (10-63) 



30. When the cathode has emitted electrons, what starts their movement toward the screen? (10-64) 



31. Why should the case be on the oscilloscope before you operate it? (10-70) 



32. Name the two main hazards involved in handling a CRT? (10-75) 



25 



ERIC . 




33. What two types of "frequency meters are suitable for measuring voltage source frequency? flG-77) 



34. Whal is the major limitation of the dynamometer type frequency merer? (10-79; 



35. When using the PSM-20B electrical power test set, the generator outputs are checked for 
• and . (1 |.2) 



36. What is the purpose of a logic tree? (11-6) 



37. What is the function of the electrical power test harness'.' (11-7) r 



0 



38. What are the major advantages of the electrical powe r te*t harness jorm>ared to the P':\1XB tester" 
(11-9) 



39. The electrical power test harness has. a functional checklist for what applications' (ll-9i 



CHAPTER 6 

Objective: To be .able to relate facts about and draw conciiisiev. about rhe fundamentals involved in 
analyzing complex dc circuits. 

1. What is the smallest particle into which a magnet can be divided and still remain a magnet 0 (12-2) 

> 1 
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2. The magnet in question 1 is a basis for what? ^(12-2), 



3. How are the molecules in unmagnetized material aligned prior to being magnetized? (12-3) 



4. Given a ferromagnetic substance, how would yob produce— a- moderately strong 'magnet? (12-4) 



5. What is meant by magnetostriction? (12o) 



6. What can happen to a generator due to engine heat or a hard jar? (12-6) 

7 : v * 



Complete the following statement: The level of energy of the electron determines the polarity 
of spin. Some electrons have a spin, some a spin. (12-7) 



J 



8. Why do atoms in ferromagnetic substances tend to bond together? (12-8) 



9. List four conditions which cause the lifting power of a magnet to vary. (12-9) 



10 Complete the following statement: The* magnet field leaves the of the 

and enters the . (12-10) 
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11. What is expressed by the mathematical equation F * — - • Also, explain what 

ml 2 

each part of the equation stands for. (12-11) 



12.- How can the equation F = ! ^ 1 — = l dyne be stated 9 (12-12) 



1 A" 1 cm*- * 



P P-, \ 

iX 13. Using figure 38 of the text and the' equation F = : firni the dvnes for 

the forces of attraction and repulsion of the north and south poles. (12-14, 15; Fig. 38)' 



14. Complete the following statement: The study of the magnetic amplifier ,vil! show the 
. being put to work. (12-16) 



15. What components do you usually find in a magnetic amplifier? (12-17) 



16. Complete the following statement:' As the , H , is- increased to a 

P oint of - an in H,gives no in B. (12-19) 



17. Draw a diagram of a basic reactor, and label each winding, control, loud, and voltage. (1M0; Fig. 40) 



18. What controls the reactance of a reactor? (12-21) 

t 
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19. What variation , in a magnetic amplifier circuit permits a magnetic amplifier to 
dc load? (12-21) ' ■ 



20. Define what is meant by direct current. (13-2, 3) 



I,: Complete the following statement: Direct current is unidirectional, that is, it movtt, In. only 
direction. This directions is always from ; • O 3 - 4 ) 



22. In what direction is a battery poled if the reference point is on the negative terminal of the 
battery? (13-5) 



23. Why does higher applied voltage with the same resistance result in more current? (13-6) 



24. Why does more resistance with the same applied voltage result in less current? (13-6) 



25. State Kirchhoff's first law. (13-7, 8) 



26. State Kirchhoff's second law. (13-7, 10) 
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27, Is the following statement concerning KirchholT's second law -rn.« or false? 1 ho algebraic 

sum. of the applied vcilrages equals -zero only if the current .flow is from neuaiivc To positive. 



(13-10, 11) 



28. In figure 44, if Ej equals 26.5 volts. R 3 and R 4 equal. 10 ohms. Rj and R 2 equal 10 ohms. 

and R 5 equals 2 ohms, what is the voltage jt point I in reference to point |? (\^Z^ } fvi. 44) 



.2p. Infigure45, change the values of the circuit as follows: 



20 volts.' 



R 



3 



6 ohms 



Rj ~ 2 ohms 



J R 2 = 8 ohms' R 5 

* * Solve each of the following: 



R4 35 10 ohms 
4 ohms 



a. R. = 



b. Rw 



c. .R c - 



» R l R 5 




+ R 5 + R 3 


R 


1 R 3 


R J + 


R 5 + R 3 


*3 


R 5 



R, 4 R 5 ♦ R 3 



d. R T = 



R b + 



( R a + R 2> ( R c + R 4> 
(R a + R 2 ) + (R c + R 4 ) 



e. In 



Rn 



f. E - Ej — IjRjj 
E 



g. I 



BC 



R a + R 2 



E B * ! BC R 2 



• ♦ 

(44-8 10; Figs. 45, 46, 47) 



30. Define the term mesh circuit. (14-11) 



31. What type of equitions must be used to wive for current in. mesh circuits? (14-12, 13) 



32. How many general methods ire there to solve simultaneous equitions? Whit ire they? (14-13) 



33. Solve the equitions 2x « y and 6x + 2y ■ 25 for x ind y. (14-14-18) 



34. According to Kirchhoffs law, whit is the voltage in figure 48 iround ABCDEHA and ABCFGHA** 

(14*19; Fig. 48) , 



35 Using the following equations, solve for Ij, Ij, and Ij. 
I00I R + 0.11, * 10 
I00I R 4 0.3 1 2 -50 

(14-19, 20) 
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36. Why is the current I. negative? (14-21) 



3? ' "S 8 22^ ValUeS ^ !| * ' T ^ qU " ti0n 35 ' f ' nd E l' E 2' E R' and h Usin 8 Ohms law, 



CHAPTER 7 



Objective: To be able to relate facts about and draw conclusions from the principles involved in the 
relationship of reactors in ac circuits. 

I. Complete the following statement: Alternating current is an electrical current that continually changes 
m ___ and periodically changes in . (15-2) 



Indicate whether the following statement is true or false: The instanteous value of a sine wave voltaae 
is indicated by the letter "e," (15-3) 



3. The maximum value of voltage which can be attained with given circuit conditions is referred to as 
. (154) 



4. Indicate whether the following statement is true or raise: The average value as applied to alternating 
voltage refers to the positive and negative loop, (15-5) 



5. Define the word "phase" as related to alternating current. (15-6) 



In 



32 



ERIC 



6. Complete- the following statement: Two Alternating currents are said to be M in phase" when they // 

arc in the same direction, and crossing all points at the ' 

same time. (15-7) 



7. Indicate whether the following statement is true or false; When two alternating currents are applied 
to a resistive circuit, they are always out of phase. (15-7) 



8. What is the phase relationship between voltage and current when ac is applied to a nonresistive circuit? 

05-8) 



9. Complete the following sUtement: If a circuit is not resistive, it is (15-9) 



10. Complete the following statement: The and the are examples of basic reactors. (15-10) 



11. Complete the following statement: In a capacitor, the insulating material is referred to as the . (J5-11) 



12. Complete the following statement: The unit of measure whiqh is equal to one-millionth of one farad is called 
a . (15-12) 



13, Explain what is meant by the working voltage which is indicated on commercial capacitors, (15-13) 



J 
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14. Indicate whether the following statement is true or false: To establish the tolerance ratin b of a 
capacitor, the actual picofarad variation is usually reserved for small capacitors with a value of 
less than 10 picofarads. (13-14) 



15. Complete the following statement: Two popular names used to designate an inductor are 
and — , (15-15)- 



1£. What Is the unit of measurement of inductance? (15-16) 



17, What is meant by the current rating of an inductor? (15*17) 



18, Explain what is meant by inductive reactance. (15-18) 



19* Why do reactors appear to act differently in ae circuits as oppuwd to dc circuits? 1 15- 1*0 



20, What is the value of inductor current when the applied voltage is maximum 0 ( 1 5-20) 



21, In a capacitor, the phase relationship of voltage and current h based upon tLe applied voltaic, Does 
current lead or lag the applied voltage? (15-21) 
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22 Whai must be specified in an ac circuit before a reactor can have a set. value of opposition? (15-22) £^ 



\ ■ • - 

23. Explain the relationship between frequency and capacitive* reactance. (1 5-23) 



24 Explain the relationship between frequency and inductive reactance. (15-23) 



25. State the formula required to determine capacitive reactance. (15-24) 



26. Indicate whether the following statement is true or false; Inductive reactance la' inversely proportional 

to frequency. (T5-25) 



27 When is a circuit containing both capacitive reactance and inductive reactance in a resonant state? (16-2) 



28. In a senes-tuned circuit with the ac source adjusted to a high frequency, what determines the greatest 

opposition to current flow? (16-3) 



29 What i< meant by the resonant frequency of a circuit? (16-4) 



30 In a tuned circuit, when is the current flow at maximum? (16-5) 
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31. How does the resonant frequency of a series-resonant circuit affect the impedance? (16-6) 



32. How docs the resonant frequency of a circuit affect the Vpjtagc ^across t he ctfpacitor or coil? (16-7) 



33. What are you determining when you use fhis formula: 



-HE^= R 2 + (X L - X c ) 2 >(i6-8) 



34. At what frequency is a circuit operating when the capaciuvc reactance is greater than the inductive 
reactarice? (16-9) 



35. How can the resonant frequency of attuned circuit be changed? (16-ICfl 
4 36. In a resonant-tuned circuit, what determines- the amount of selectivity of which it is capable? (16-11) 



37. In a parallel- tuned circuit with the ac source «L at a low frequency, why does the greatest ampunt of 
current flow through the coiP H6-12) 



38. Explain why the current flow 
frequency. (16-13) 



in 



tine circuit, in a parailcl-tuncd circuit, is minimum at resonant 



:>6 



in, 



39. If the applied voltage frequency is varied from a value below resonance, through resonance 
higher frequency, wrfat happens to line current.? (16-14) \ 



40. Define line current as the term is applied to a parallei-Uined circuit. (16*15) 



41. Referring to figure 60 and the text, what electrical process causes the current flow to be maintained 
in the same direction when the capacitor is discharged? (16-16; Fig. 60) \ % 



42. How does current flow caused by self-induction of the coil affect the capacitor? (16-17) 



43. In a tuned circuit, energy stored in the capacitor is transferred to the magnetic field around the inductor 
by current flowing in the circuit. How long does this process continue? (16-18) 



44. How could a sustained alternating current be produced in the circuit referred to in the previous question? 

(1619) 



45. What is the value of impedance in a parallel- resonant circuit at resonance? (16-20) 



46. What are you accomplishing in a series-resonant circuit that is part of a radio, when you manually select 
specific statibn? (16-21) 
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47. How isjhe series-resonant principle applied to certain motor-geoerntor wis?' f 16-22) 



.48. What is the effect of a speed control circuit in a motor generator? (16-22) 



s 
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Objective: To be able to relate facts and draw conclusions about a dc generator system and component 
operation, and to show an ability^o analyze a system for malfunct,i>ns and isoIjU- the most lively causes, 

I. .What is the rating of the dc generator for the system under disucftK'n'. 1 



1 

What protection is provided the generator system discussed in the text? (17-3) 



3. Where are the various controls for the I'eiwriior system ir.atec 1 (174, 

/ 

4. How is the momentary position of the generator switch identified? .(|7-5) 



5. What actions will result when *V 1 »encra»o r swtch is placed m 'he down posi'ion? iI7-6) 



. 6' You are required to check generator voltage with the engine running and with the generator not, 
connected to the aircraft bus. How is this done 9 (17-7, 9) 

) 



1« 



*)7 



V 

7. With a con$unt field current, i dc genentor's output volttge wouloNje proportion^ to 

- . (p-12) ' - 



J If the gcncritor voltage fills below the regulator letting, how will the carbon-pile resistance be affected? 

(17-13) ' * 



9. How is load division controlled when dc generators are operated in parallel? (17-14J^/ 



o 



J 



10. Under what conditions will the armature-shunting relay be tripped? (17-15) 



\ 



r " * 



\ 



II. What is the indication when the generator system cannot bereset? (17-17) 




12. Under what conditions will the field relay be tripped? (17*18) 




13. How js the equalizer relay operated in the undervoltage protection circuit? (17-19) 



14 What component is installed in the generator system to protect the electrolytic condensers In the 
overvoltage circuit? (17-20; Fig. 62) 





s" 
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15. What is the purpose of the selector relay in the^overvoltage protection circuit? (1 7 2 1) « 

** ... 

• 16. When will the selector relay contacts be closed? (17-23) 
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17. Complete the following statement: The selector relay for the high-voltage generator 
w. > thereby permitting operation of the overvoltage relay. (17-23)" 



18. The overvoltage relay is calibrated to trip at * (17-24) 

I 

19. How is the necessary time delay, obtained to prevent tripping on vol rage trz;isients? (17.-24) 



20. The feeder fault protection circuit will operate with a to volt deferential 

between the generator feeder and the bus. (17-25) ~ 



21. What is the function of the potential relay in^the feeder fault protection circuit? (17-26) 



22. How are the coils of the auxiliary and main contactors cornee'ed with respect to rach other? (17.28} 



23. How is the forward-current relay reset? (17-29) 
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24, How is cycling of the field relay trip and reset coil prevented? (17-31) 



25. What two functions are provided by the forward-current relay control circuit for the generator 
system? (17-32) 

26. How are the power circuits and branch circuits protected against sustained overloads? (18-2) 



27. What type of protection is provided for a temporary Overload of the distribution system? (18-3) ' 

• t 



28. Why are two number 1/0 wires used from the generator to the firewall? (18-5) 



29. What is the total dc load requirement for ground checking all aircraft systems? (18-7) 

- i 



30. Why are two reverse-current relays (RCRs) used in the external power system? (18-8) 



r 

31. What do the green lights which are used in the external power system indicate? (18-9) 



V. 



32. How is dc power provided which operates the RCRs in the external power system? (18-10) v 
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33. ^Whcn should the white lights come on which are. located in the external power receptacle box? (18-11) v 

v. * 

34. How is battery power connnected to the station 238 circuit breaker panel during an emergency? (18-15) 



A'. 
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35. When corrected for temperature, a fully charged battery should have an electrolyte reading between '•■ -\ 
and . (18-17) J • ~,, r . • 



36. At what level should the electrolyte be maintained above the plates of a battery? (18-18) 



37. What effect will corrosion between the battery terminal and the batterv cable have upon the battery power 
system? (18-19) 



38. What is used to service the felt pad of a lead-acid vent system? ( 18-20] 



39. What additional precaution should be taken if<^any one component of the generator system has been damaged 9 
(19-1) 



40. System analysis is an orderly sequence of ____ and action* which ends with the .dentification 

and elimination, of a system malfunction. (19-3) 
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41. What is the key to identifying generator system malfunctions? (19-5) 



When troubleshooting, where do you start first to eliminate possibly xauses? (19-8) 



43. What is the most probable cause of a low generator output voltage? (19-12, 13) 
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44. Why should the core or pile adjusting screws not be adjusted when the regulator is installed in 
an aircraft? (19-14) * <\ * 



45 Where would high resistance in the* generator system most likely affect generator output vpltage? (19-16) 
46. How doe$ improperly seated or worn brushes affect generator output voltage? (19-20) 4 * . 




does a high-voltage reading in a generator system indicate? (19-23) 



48. How will an open in the voltage coil circuit affect the generator output voltage? (19-25) 



49. What is the probelm when a zero voltage reading at terminal B of the generator is evident? (19-29) 
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SO. Under whit condition can the generator shaft fail? (19-30-32) . 



0<? 



51. What can cause the generator system ammeter and voltmeter to fluctuate excessively? (19-34-36 



CHAPTER 9 « 

Objective: To be able to' draw conclusions and relate facts about the duties and responsibilities of the aircraft 
electrical repair technician, as related to the multi-generator ac power system, by analyzing, diagnosing, and isolating 
malfunctions in its systems. 

1. The generator system of a typical fighter aircraft consists of how many generators and what are their ratings? 
(20-1) 



2. Each generator is driven by a , and controlled by a 

(20-1) 



3. The unijunction transistor is nothing more than a f20-3) 



4. What is the function of the gate of a silicon controlled rectifier (SCR)? (204) 



5. The two units which maintain system voltage output to within "Fl percent arc the 
and its transistorized . (205) 
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6. Wha^ two units together provide frequency control? (20-S) 



/d<o 



7. Each generator obtains its excitation from the 
the generator. (20-6) 



8 : Where is the single-phase output of the PMG applied? (20-6) 



contained within 




9, What action maintains the generator voltage relatively constant under varying load conditions? (20-7) 



10. When operating the generators in parallel, what units supply reactive load division signals to the voltage 

regulator? (20-8) , * 



1 1. What is the purpose of the constant speed dirve (CSD)? (20-9) 



12. What function does the undertpeed switch (USS) perform on the corfttant speed drive? (20-9) 



13. When will it be necessary for the pilot to use the generator control reset switch? (20- 10) 
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H. Generator system fault protection circuitry in the voltage regulator/supervisory panel provides for 

, , ' and unbalanced current protection. (20^11) 



j ■ 



15. Why are time delays provided in the various protective circuits? (20-11) 



16. What unit provides the signal to energize the tie contactor when all requirements are met for the 
paralleling of generators? (20-12) 



17. List the three main parts of the 30KVA brush less generator. (2 1-2) 



18. What is the prime function of the voltage 'regulator in the VR/SP? (2M) 



19. List the functions of the supervisory portion of the VR/SP. (214) 



20. In addition to regulating voltage, voltage regulators operate in conjunction with each other -fo equalize 
the __ between generators. (21-5) ^ 



\ 

21, Where does the voltage regulator obtain power for its phase voltage reference, circuit 1 / (21- 




22. What is the frequency of the sawtooth signal applied to the error tenting bridge, and where is it 
obtained? (21-8) ~ 



23. Why is the error sensing bridge not affected by temperature changes? (2M0) 



24. WKat determines the polarity of the error lensing bridge? (21-11) 



25. List the three stages of the current amplifier. (21-12) 



26, How are the two outputs of the permanent magnet generator transformer rectifier uaed? (21-13) 



27. What is the function of the reactive current sensing circuit (RSC)? (21-14) 



28, How does the reactive current sensing circuit (RCS) funct^n^to keep the generators operating in 
parallel? (2104) ^ 



29, What is the electrical difference between the tight and left VR/SP current transformers? (21-18) 



30, What are the results of having the current transformer loop wired 180* out of phaie? (21-18) 



47 



llo 



• Id 

31. List the four functions of the supervisory panel in the sequence in which they -occur. (21-10) . 

32. What is the purpose of the feeder fault sensing (FFS) circuit? (21-21) 

33. How does the feeder fault sensing circuit perform its function? (21-21) 

34. What action does the feeder fault sensing circuit take to prevent generator burnout? (21-22)' 

35. How does the undervoltage sensing circuit detect an undervoltage condition? ^21-25) 

36. How does the overvoltage sensing (OVS) circuit detect an overvoltage condition? (21-27) 

s 

37. What prevents both generators from being tripped off the line, if a voltage regulator malfunction causes 
overexcitation while in parallel operation? (21-28) 

38. If the left generator is being overexcited, what causes the rteht VR/SP to take the ooposite action in its 
OVS and UVS circuits? (21-29) 



1 1 ,- 



39, The generators are operating in parallel, md the left one becomes overexcited. Which one will be 
ipped off the line by the action' of the RBG? (21-31) f 



trip 



40. 



List the three relays which the contactor logic circuit operate*. (21-32) 



41. List the four basic circuits in the contactor logic circuit. (21-33) 



42, What is the function of the GCR close-coil circuit? (21-34) 



43, Why must the undervoltage sensing disabling circuit be disabled prior to closing the OCR and the 
underspeed switch? (21-35) 



44. What is the function of the contactor control relay circuit? (21-36) 



45. When the generator is shut down manually or by a protective circuit, why must the CCR and the GCR 
operate in sequenced (21r38) 



46. What »s the function of the GCR trip-coil circuit? (21-39) 
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47. What condition will cause the isolate-relay circuit to energize the isolate relay and open -the -he 
contactor? (21-40) 



48. List the three functions of the frequency. Jhd load control box (FLCBi. (21-43) 



49. What is the frequency produced by the tuning fork oscillator circuit in the FLCB? (21-45] 



50. What is the function of the load division demodulator circuit? (21-51 



51. Why is' the resultant of the power of the output and mixing circuit applied to the drives? (21-55) 



52. What is the function of the automatic paralleling circuit? (21-60) 



53. What phase angle difference is required between' the generators to close the APR? (21-61) 



54. List the five major components in the ac power control box (21-62) 



55. What is the function of the loop shorting relay? (21-64) 
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56 Why arc the current transformers connected in i loop and phased so that their outputs are / / / 

opposing? (21-65) \ // / 



57. What are the three most important units in the constant speed drive? (21-66) 



58. How does the basic governor provide for real load division when the generators are operating ■ in parallel? 

(21-67) 



♦ 

59, What are the two functions of the limit governor? (21-68) 



60. What is the prime function of the underspeed switch? (21-68) 



61. What are the purposes of the PMC transformer rectifier output? (21-70) 



62, Which contacts must t>c closed to allow the left generator to power the right 115-vac bui? (21-71) 



63. What are the indications when all three warning lights (LH GEN OUT, RH GEN OUT, and BUS TIE OPEN) 
are extinguished? (2J-74) 



64. What power sources are available Irom the power distribution sysfcm? . (22-l) T 



65. What are the power sources available for the cockpit warning lights? (?.2-j). 



66. List the five major components in the external power vv.ritrol circuit. (22-3) 



A 

i 



67. From where does the external j>ower T/R unit obtain Us power 0 (22-3) 



V 



68. Who has the rsponsibility for servicing, charging, Repairing, and testing the battery as well as 
troubleshooting its control system? (22-5)^ 



69. What is the composition of the electrolyte solution in the -nickel-cadmium battery? (22-6) 



70. What is the nominal open-circuit cell voltage of the nickel-cadmium battery? (22-7) 



71* How many ceils are requueu lor a 24-volt system wncn \ising a nickel-cadmium battery? (22-7) 
\ 



72. What method is recommended for the normal charging of nickel-cadmium batteries? (22-11) 



o 
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73 What is the noiroaJ power requirement for charging nickel^admium batteries on * c 9 nftant.potential 

charged (22-1 1) 



r 



74 Describe the constant-current method of charging. (22-12) 



75 What is the purpose of the aircr/fT battery*-- {22-13) 



76. From what source docs' the ^rcraft get\^main emergency power? (22-13) 



77. What is considered, to be realistic trpubleihootlng? 



? (23-2)7 




78. \jfljTarf the three' main-categories of malfunctions found In the ac power lyitem? (23-3) 




79. What two units normally cause frequency ^ajfynctions? (23-4) / 
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What three units usually cause high- or low-volUfe malfunctions? (23-6) 



81: Why are the current transformers the cuase of many malfunction in the load division circuits? 
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CHAPTER 10 



Objective: To be able* to draw conclusions about system operation and maintenance on contro4 <and 
warning systems, 

i. In the Edison thermocouple system, each engine has how many /.ones or circuits? (24-.>) 



2. The difference in temperature rise between the hot ind cold junctions of the thermocouple caa produce 
a potential of how many volts? (24-4) 



« . 

3. The operation of the photoelectric fire detection system depends upon what factor? (24-6) 



4. What change ocpurs when the ceramic core of a % continuous cable fire warning circuit is heated? (24-10) 



5. Name the four basic circuits in a transistorized continuous cable fire detector system. (24-10), 



6, In figure 78, what type coupling is used to couple Ql and Q2 in the fire detector control assembly? 
(24-14; Fig. 78) 



7. With no fi;e signal, how is transistor Q2 biased? (24-14) 



8/ What component turns on the fire warning light? (24-17; Fig. 78) 

J 
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When inspect Jig a fire warning system, r^me one item that is often overlooked. (24-19) j 



What is the purpose of the master caution system? (25*1) 



What are the three basic circuits in a solid state mister caution -system? (25-3) 



Refer to figure 79. What is the function of the ^ener diode/CRl, in the individual light circuit? (25-4; Fig 



) 



In figure 79, what component forward-biases Ql to turn on the master caution light? (25-9; Fig 79) 
How does the reset circuit of the master caution system affect the individual caution lights? (25-13) 



The engine fuel supply system has provisions for two methjods of supplying fuel to the engine. Wha* are 
they? (26-3) > K ^ 



With external power applied to the aircraft, what conditions muSt exist to cause the boost pumps to 
operate? (26-5) 
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1 17. Refer to foldout 15. In the fuselage fuel system, which of the conditions listed below wodd cause 
the hydraulic .transfer pumps to operate? Write a T or an F for true or false beside each condition. 



»/ Anytime hydraulic power is on the aircraft. 

b. Afterburner operation on either engine, 

c. Either engine master switch is on. 

d. ~ Air refuel switch to EXTEND. 

e. Fuel load in cells 1 andv^ falls below 1800 pounds. 



f. Hydraulic transfer pump check switch is placed in. the CHECK position. 
(26-9; FO 15)- 



18. Is the following statement true or false? The center, right, and left external fuel lights will iiluminate 
while fuel is flowing. (26-12; FO 16) 



1$. How is the fuel transferred into the aircraft from the external system? (26-13) 

■ - ' ~\ \ \ ' 

20. Whit unit contrdls the FULL lights in the external fuel system? (26-13) 



2h Refer to figure 80. When the air refuel switch is moved -to EXTEMD, what component is energized to 
to extend the air refuel receptacle? (2o-16; Fig. 80) . , 



22. Who can initiate disconnect action when refueling is completed? (26-17) 
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23. What conditions muit exist on the aircraft for the' note gear tteering sysftqn to b*^pnergized? (27-2) 



24. What protects the^nose gear steering system control unit from an open or short circuit kx one of the 
inputs? (27-3) 



25. What causes the servo valve to direct dydraulic flow to the vane motor for the purpose of turning the 
nose wheel? (27-4) 



26. If an intermittent fault occurs and the failure detection system trips the ground path for the servo valve, 
how can the system be reset? (27-7) 



27. What unit supplies power to the control, unit of the nose gear steering system? (27*9) 



28. Refer to figure 82. What is the purpose of the 500-ohm resistor in series with the wiper arm of the 
command potentiometer? (27-10; Fig. 82) 



29. What determines the degree of turn of the nose wheel? (27-11) 



30. The ac poWj supply transformer Tl provides two outputs of 100 vac. These voltages are used to develop 
three ■ power supplies. (27-14) 
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31. Name the four parts in troubleshooting. (28-2) 



32. Describe the term 'area of uncertainty." (28-4) 



33. What arc the two mtfjor benefits of using brackets in your troubleshooting? (28-6) 



5R 
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MODIFICATIONS 

ffit^^ ^)f- 6>b o f this publication has (have) been deleted in 
adapting this material for inclusion in the "Trial Implementation of a 
Model System to Provide Military Curriculum^Materials for 7 Use in Vocational 
and Technical Education." Deleted material involves extensive use of 
military forms, procedures, systems, etc. and was not considered appropriate 
for use in vocational and .technical education. 
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• - CHAPTERS 

The power consumption ofiny electrical measuring device should be small in comparison to the power available in the 
circuit undeY test, (10-1) 

Ohmmeter. megger, ^nd Wheatstone bridge. (10-2) ; 
To enable the meter to indicate any value befhg Measured with the least error. (10-7) %\ 
A shunt type ohmmeier circuit is used on the low-ohm scale. (10-8) „ 

In the shunt type meter, the smaller the value of resistance measured, the less the current flow through the meter movement. 
00.9) 

Values on the scale increase from left to right. (10-9) > 

In the low-ohm position, current flows constantly from the battery through the meter movement and the limiting resistor, (10-10) 
By comparing the ballistic kick of the meter with the deflection caused by a capacitor of known value. (10-11) 
When no current is flowing in either coil, the pointer may come to rest anywhere along the scale. (10-14) 

500 volts, (10-14) 

True, (10-16) 

* 

Infinity, zero. (10-17)^ 

The Wheatstone bridge. (10-20) 

The detector circuit may use a galvanomcier for sensitive measurements requiring high accuracy. (10-21) 
When the meter shunt has been removed, the detector is at maximum sensitivity. (10-22) 
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16. You must tighten the binding posts securely so that the contact resistant between the binding po^ts and the 
resistance to be measured is kept to a minimum, (10-24) 

17. Very high, very low. (10-25) 

18. The current rating of a shunt should never be the same as the estimated norma] load current, because any high 
load current would drive the pointer off scale and might damage the movement. ( 1 0-30) 

19. The ammeter terminals are connected to like polarities in the circuit. (10-38) 

20. For higher voltage ranges, the series resistance is contained in a unit commonly culled a multiplier, (10-40) 

21. To increase the sensitivity of a voltmeter, increase the strength of the permanent magnet, iue lighter weight materials ' 
for the moving element, and use sapphire jewel bearings to support the moving coil, (10-45) 

22. The accuracy of a voltmeter is generally expressed in percent, (10-46) 

23. When a voltmeter is connected across a circuit and the meter has row interval resistance, it will draw an jppreciable 
amount of current. Because the effective resistance of the circuit is lowered, the voltage reading will also be lowered. 

. (1049) . 

24. The primary advantage of the VTVM over ordinary meters is its design to measure voltages without loading the circuit, 
(10-51) 

25. The negative 5-volt bias on the tube grid establishes the operating point of the tube at cutoff. (10*55) 

26. Average, peak, rms. (1 0-57) 

27. The input coupling capacitor will become charged an^could result in a dangerous shock. (10-59) 

28. Formation, control. (10-62) 

29. The aquadag coating provides a return path for electrons and seS^s to shield the electron beam from external electrical 
disturbances. (10-63) 

30. These electrons are attracted toward the accelerating and focusing anodes because of their relative high positive potential. 
(1064) 

31. You should not operate the oscilloscope with the case removed, because high voltages are exposed and could cause fatal 
shock. (10-70) 

32. Because the tube is under a high "vacuum, any undue stress o; rough handling can cause serious injury because of tube 
implosion. Also* if broken, the 3>';es become a nazard because of thr fluorescent coating, which is extremely toxic, 
(10-75) 

33. Two types of frequency meters that are suitable for measuring voltaic >« 'jrec frequency arc the dvnamometer type and 
the vibrating-reed type. (10-77) 

34. The dynamometer type frequency meter can be used for only a small frequency range. (10-79) 

35. Correct voltage, frequency, phase relationship. (J 1-2) 
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36. The logic tree provides you with a means to logically pursue a trouble to a satisfactory conclusion by the process 
' o( elimination. (11-6) 

37. The electrical power test harness can be used to perform a generating system check and for twubleshooting systems 
faults identified to a specific component. (11-7) 

38. Compared to the PSM-20B tester, the electrical power test harness is capable of a more thorough testing of the 
constant-speed drive and related circuitry. (1 1-9) 

39. The electrical power test harness has a functional checklist for flight line and in-shop applications. (1 1-9) 

- CHAPTER 6 

1 . The smallest a magnet can be divided and stilkemain a magnet is down to a molecule. (12-2) 

2. The tiny magnet in question 1 is the basis for the molecular theory of magnetism. (12-2) % 

. v 

3. The molecules in unmagnetized materials are thought of as being jumbled at random, with no definite order. (1 2-3) 



4. To produce a moderately strong magnet having a ferromagnetic substance, you would stroke it with a strong magnet. 
AU strokes must be in the same direction. (12-4) 

5. Magnetostriction is the behavior of a substance being magnetized and demagnetized to expand and contract. (1 2-5) 

6. Engine heat or a hard jar can cause a generator to lose its residual magnetism. (12-6) 

7. Positive; negative. (12-7) 

i 8. Atoms in ferromagnetic substances tend to bond together in an effort to acquire a greater equilibrium, forming domains ' 
within crystalline structures, (12-8) 

9 Four conditions which cause the lifting power of a magnet to vary are the 

(1) kind of magnetic material to be lifted, (3) manner in which the material is applied to the magnet. 

(2) shape of the material to be lifted. (4) *hape of the magnet. 

(129) 

10. North pole; magnet; south pole. (12-10) 

11. F = — ! — — stands for the mutual force between two poles. 

F ■ force between the two poles. 

Pj and P-, ■ magnitudes of the pole strengths. 

d ■ distance between the two poles, 

\i ■ constant that depends upon medium surrounding the poles, 
(1211) 
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12, The equation F 



1 X 



= 1 dyne can be stated as: when any two poles of equal ^trcnuth are pfaced 



¥ 1X1 cm- . 

in a vacuum, I centimeter apart, they repel each other with a force of ! dyne. (12-12) 

13. The repulsion of the north pole equals 6 dynes, while the repulsion of the south pole oquals 2,3 dyne. TotaJ 
repulsion equals to 6 2/3 dynes." The attraction of the circuit is equal to 3 dynes, I J dynes for uach ma met 
(12-14, 15; Fig, 38) , . . . . . 

14. Magnetic forces. (12 : 16) 

15. The components usually found in a magnetic amplifier are inductors, dry disk rectifiers, and resistors. \ 12-17) 

16. Mangetizing force; saturation; increase; increase, (12-19) 

17. Should be like figure 40 of the text. (12-20; Fig. 40) 

18. The amount of current through the dc coil controls the reactance of a .saturable reactor. (12-21) 

19. The addition of a bridge rectifier. (12-21) 

20. Direct current moves in only one direction ar.d has a constant amplitude characteristic wnh reference-To tunc, (13-2. 3) 

21. Negative or positive points. (13-4) 

22. The battery is poled in the positive directum, ( 13-5) 

23. Ohm's law states that the current in a circuit is proportional to the voltage. (13-6) 

24. Ohm s law states that the current in a circuit is inversely proportional to the resistance. [13-6) 

25. Kirchhoffs first law states: The algebraic sum of the currents at any junction of conductors is zero. (13-7, 8) 

26. Kirchhoffs second law states: The algebraic sum of the applied voltages and of the voltage drops around any closed 
circuit is zero. (13-7, 10) 

27. False. Polarity has nothing to do with Kirchhoffs laws. (13-10, II) 

28. The voltage at point 2 is 13.25 volts. This is due to all resistors in the series-parallel legs being equal. R s is not considered 
due to no current flow through it, (14-2-5; Fig, 44) 



29. a. R a - 2/3 ohm. 

b. 3 I ohm. 

c. R c - 2 ohms. 

d. Rj= 6.02 ohms. 

e. \j * 3.32 amps. 

f. E = 16.68 volts. 



g. lg^ « 1.93 amps 

h. = ! .3° amps. 

i. Eg = 15.41 volts. 

j. E D = 13.90 -'olts 
k. !«j - .38 amp. 



(14-8-10; Figs. 45,46,47) 

i 

30. A mesh circuit is a series of interconnecting branches that form complete circuits or loops. (14-11) 
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3 1 . Simultaneous equations arc used to solve for currerif In mesh cirtulfe due to solving two equations at the / 
same time. ( 14-12, 13) f 

32. There are two general methods that can be used to sota s\ Mu/faaeous equations. They are addition or 
subtraction, and substitution. (14-13) 

33. x « 5/2; y = S. Check text for procedure, (14-14-18) 

34. Kirchhoffs law states the voltage is zero. In simple form Kirchhoff s laws state that; The voltage around any 
closed loop is equal to zero. (14-19; Fig, 13) ^ 

35. I j = — 99.6 amperes/ 
\*y e 100 amperes. 

lj * 0.2 ampere. 

Check text for proper .procedure. (14-19, 20) 

36. Current I is negative due to the different size batteries used. With the larger 50volt battery a large charging current 
is being sent to the 10-volt battery. (14-21) 



E, - l,R 


E 2" 


I 2 R 


E, = -99.8X0.1 ' 


E 2" 


100X0.3 


E, - -99.8 volts 


E 2" 


30 volts 


E R = IjR 




E l + E 2 + E R 


E R = 0.2 X 100 




-9.98 + 30 + 20 


E R ■ 20 volts 




40.02 volts 
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CHAPTER 7 

1. Alternating current is an electrical current that continutlly changes in amplitude and periodically changes in direction. (15-2) 

2. The statement is true. (15-3) 

3. The peak value. (15-4) 

4. The statement is false. The average value as applied to alternating voltage is restricted to one alternation. (1 5-5) 

5. Phase is a difference in time between any point on a cycle and the beginning of the cycle. (15-6) * 

6. Increasing; zero-kmplitude. (15-7) 

7. The statement is false. When two alternating currents are applied to a resistive circuit they are always in phase. (15-7) 

8. When alternating currents are applied to a circuit which js not resistive, the voltage and current are out of phaae. (15-8) 

9. Reactive, (15-9) 

10. Capacitor; inductor. (15- 10) ^ 
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11. Dielectric, (15-11) 

12. Micro farid. (15-12) v 4 

13. The working voltage of a capacitor is the maximum voltage which may be continuously applied across the capacitor 
without danger of voltage breakdown, (15-13) • • H « 

; . ..- ■ 

- f r 

14. The statement is true. (15-14) . / ^ 

15. Choke; reactor. (15-15) , ^ 

\ 

16. The unit of measurement of inductance is the henry, (1 5- 1 6) \ 

17. The currenrrating ofan inductor is the valu* of the magnetizing current which places the permeability of the core 
material just below the knee of the saturation current curve. (15-17) 

18. Inductive reactance is a type of opposition to current flow in an ac circuit. (15-18; 

19 ' v^ltog^ ^ 3n ^ CirCUil CaU5CS 3 C ° UnlCr Cmf ' WMch in lUm Cau " S 3 phasc sh,ft bctwcen 

20, The inductor current is zero when the applied voltage is maximum, (15 20) 

2 1 , The capacitor current leads the applied voltage by 90 electrical degrees. (15-21) 

22, A definite frequency. (15-22) ' 

23, As frequency increases, capacitive reactance decreases. (15-23) 

24, As frequency increases, inductive reactance increases. (15-23) 

2S - *c " life- • (15 " 24) s 

26. Jhe statement is false, Inductive reactance is directly proportional to frequency. (15-25) 
27; When X^and are exactly equal to each other. (16-2) 

28. The reactance of the inductor, (16-3) 

29. The one frequency between high and low extremes where X L nnd X f arc equal. (16-4) 

30. At -csonant frequency. (i; ^ 

31. The impedance of the circuit is at its lov/est vafue (minimum) when is at resonant frequency, f 1 6-6) 

32. The voltage measured across each unit is greatest at the resonant freqi.jnty. (16-7) 

33. The impedance of the circuit. -(16-8) 

34. Below resonance, ( 1 6*9) 

35. By changing the value of either >hc coil or ths capacitor, (16-10) 

36. The resistance present in the eirci", (!6-| I) 

I'M < 
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37. With a low-frequency alternating current, the reactance of the coil is low and the reactance of the capacitor it high. 
This condition reverses if the source voltage is set to a high frequency. (16-12) 

38. Current flow through the inductor is opposite in polarity to current flow through the capacitor; thus, at resonanf~" 
frequency, the currents flowing, through the two reactances are equal in value and opposite in polarity. They fend 
to cancel each other; therefore, current flow in the line circuit is minimum. (16-13) v 

39. The line current decreases from a high value at low frequency to minimum at resonance, and then rises again to a 
high *#lue at higher frequency, (16-14) 

40. The line current is the difference between the currents flowing through the inductive and capacitive branches of the 

circuit. (16-15) 

41. When the capacitor is discharged, a self-induced voltage is generator) the coil by the collapsing flux. The direction 
of this induced voltage maintains the current flow in the same direction. (16-16; Fig. 60) 

42. Current How caused by self-induction of the coil allows the capacitor to become charged with an opposite polarity. 

(16-17) 

43. Until such time as required to expend energy by the resistance of the circuit. (16-18) ^ 

44. By supplying just enough power to the circuit to overcome resistance losses. (16^19) 

45. The impedance is maximum at resonance. (16*20) 

<*6, You arc manually selecting or tuning" the circuit to a specific frequency. (16-21) 

47. In a speed control circuit when the motor-generator is designed to operate at a predetermined speed. (16-22) 

*» 

48 The net effect of the speed control circuit is to maintain a motor rpm at the speed required to produce a resonant 
, condition in the circuit. (16-22) . 

■< * 

CHAPTER 8 

1. 30 volts at 350 amperes. (17-2) 

2. The generator system includes feeder and internal ground-fault, undervoltage, overvoltage, differential current, and 
reverse-polarity protection. (17-3) 

3. The generator system controls are located at the Right engineer's station. (17-4) 

4. The momentary position of the generator control switch is marked GENERATOR SWITCHES DOWN TO RESET 

FIELD KELAyS. (17-5) 

5. The field relay wHt be reset and the generator field will be flashed. (17-6) 

6. Move the generator switch to the off position and place the voltmeter selector switch to GENERATOR position of the 
affected generator. (17*7,9) * 

7 Armature speed. (17-12) 

8 Cartforvpile resistance will decrease (17 13) ✓ 
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9. By the voltage regulator through the equalizing coil circuit, (17-14) 

10. An overvoltage or a feeder faulf will trip the armature-shunting relay. (17-15 » 

11 ♦ If the generator system cannot be reset, the forward-current relay will be tripped, (17*17) 

12. Operation of tr^overvoltage relay or the fortward-currcfit relay due to a reede fault" (!7«l3j * 

13. The equalizer relay is operated by thd reverse-current relay, (17- 1 9) 

14. CR1 of the overvoltage protection panel. (17*20: Fig 62) 

i 

15. The selector relay detects the generator responsible lor the ovcrvolt»g^. (17-21 ) 

16. When an equalizer signal is sent in the direction of the equalizer bus, (17-23) 

17. Will not operate. (17-23) / 

18. 30.1 (+.5). (17-24) , * * 

19. Series resistance is used to limit the charging reate of the capacitors used m the overvoltage coil circuit ( 17-24) 
(20, 40,2; +0,35 volt. (17-25) « 

21. The function of the potential relay is to protect the coil of the differential voltage and revcrse-eurren* ^elay against 
excessive terminal voltage. (17-26) 

22. ' The auxiliary and main contactor cods are connected in parallel with each other. ( l 7 -'28) » 

23. The forward-current relay can be mechanically reset only. ( 17-20) 

24. By a lockout relay in the overvoltage control panel. (17-31 ) 

25. The forward-current relay control circuit prevents reapp'ticatton of power lu ,1 'coder lault arid disuogu.^hcs u jeeder 
fault trip from an overvoltage trip. (17-32) f 

26. By thernal-type automatic circuit breakers. (I8 k 2) ^ ^ 

27. Current limiters are used in the system to allow fo* a temporary overhid, ( hX-l) ~~ 

28. To reduce the voltage drop and to assure sufficient current-carrying capacity lor the aircraft^dc system 1 , ( 

29. About 24,8 KW. (18^?) 

30. Two RCRs, one for the main dc bus aifd one for the eiuct r 0iiiu dc O10, „ m jsed 'u uiintett and diSeOHK l euerna! power 
from the aircraft distribution system. (18-8) 



31. The green lights, when on, indicate that an auxdiary^pwer unit (APU) connected to the external power receptacle and 
is turned on. (18-9) 

y 

32. DC power is provided by an APU to operate the RCRs, (18-10) 

33. When the external power switch is placed mi !hc ON position 1 1 ^ U ) 
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34 Through the rudder and elevator, relay. (18-15) 

35! 1.275: 1.300. (IK. 1 7) ^ 

36. Vl/8 inch. (1*H8) 

37. Corrosion between the battery tcrrr.inal and the battery cable could prevent the batter)' from providing its full 
rated power in an emergency. (18-19) 

38 r The pad is saturated with a solution of sodium bicarbonate and water. (1&20), " is 

39. The entire svsterrt should be inspected for any additional damage. (194) 

' 40. Metal ;physical./( 19-3) • .— — r~ . " ' 

41. The key to identifying system malfunctions is careful inspection and operational checks. (19-5) . 

42. Check the easiest things first, such as the circuit breaker. (19-8) , 

43. A faulty or improperly adjusted voltage regulator. (19-12,13) 

44. Both the core and pile adjusting screws can change the voltage setting as well as the characteristics of the regulator. 

(19-14) . ■ \ x % 

45. High resistance in the field circuit would affect generatoroutput voltage. (19-16) 

46. Improperly seated or worn brushes cause low output voltage. 019-20) 

47. No control over shunt field current. (19-23) 

43. With ah open in the voltage coil circuit, generator output voltage will be high, "(19-25) 

49. A broken generator shaft. (19-2 , >) 

50. Under any condition that imposes shock loads on the generator. (19-30-32) 

51. The following can cause ammeter and voltmeter fluctuations:, 

a. Loose connections in the aircraft wiring. > 

b. Defective generator brushes, 

c. The condition of the commutator. 

(19-34-36) « * * 



CHAPTER 9 ' 

1. The generator power system consists of two 30-KVA 200/1 15-vac, 3-phase, 400-Hz generators. (20-1) 

2. 0)nstant speed drive (CSD): voltaic regulator/supervisory panel. (20-1) 

3. Diode. (20-3) 



/ 



75 



ERiC 1 13 ' 



4. The gate of the silicon co/trolled rectifier (SCR) controls the turn-on/turn-off process of the rectifier. (20-4) 

5. AC generator; voltage regulator. (20-5) 

6. The constant speed drive (CSD) and the frequency and load control box (F LCB) prov.de frequency control " ( ^0-5 ) 

7. Permanent magnet generator. (20-6) 

'"^toSd^T)' CilCUltry ^ SenSiUVe 10 JmaU voi,a 8 e cha "8« ™4 quickly responds to adjust the excitation to the ' 

ia tZ^JSZZffo**". c " rrent transf6rmersVd a comparator circilit supply reactive *■* 

1 1, ^constant speed drive (CSD) converts the variable speed of the engine to a constant speed for driving the generators. 

12 ' rfcm n (SsO d 5W4tCh PCrmitS 8enerat ° r t0 ' ener ^ ed 3nd Cl,nnectcd t0 ,he «>«ses if its frequency b above 375 

B ' "Tty { ? Tthe ,£ 0t l ° USC thC generat ° r C ° n(r01 reset switch 1,1 ,he even « a malfunction causes a generator 

to be tripped off the line. (20-10) 8 w 

14. Undervoltage, overvoltage, underexcitation, overexcitation. (20-1 1) 

15. Time delays are provided in the various protec^ircuits to prevent nuisance tripping or- momentary variations occurring 
during normal system operation. (20-11) >> '< . «"»u«.vumn B 

16. The APR provides the signal to the system control circuits to energize the tie contactor. (20-12) 

11 ■ ^zT^z°^^r w genera,orare the ~ i magnet §enerator windin8s - main ^ f,e,d • 

,8 ' ^kagf SIT 1 * 10 ' P ° rti0n ° f VR/SP Pr0Vid " eXC ^ ti ° " '° 8enera,0r a " d VafiCS " t0 maintain 3 C ° nSt ^ t ° UtpU ' 

19. The functiona of the supervisory portion of the VR/SP are to monitor system operation and, when sensing malfunction 
remove the defective system from the aircraft buses. (21-4) 



20. Reactive load. (21-5) 



w3 



21. The voltage regulator obtains power for its phase voltage reference circuit from the full-wave transformer rectifier. (21-7) 

22. The frequency of the sawtooth signal applied to the error sensing bridge is 2400 Hz; it is obtained from the w-veshaping 
amplifier, and switching amplifier. (21-12) K " . 

'" t 

23. The temperature characteristics of thermistor RTI are the same as those of Zener diode CR7, and the bridge balance is not 
affected by-temperature changes. (21-10) - 

24. The polarity of the error sensing bridge, with respect » the junction of CR7 and R I 2. is dependent uoon the direction of the 
generator error. The polarity is positive with low generator voltage and negative with high generator voltage. (21-11) 

< 76 138 ' . ' 



25. The three stages of the current amplifier arc the voltage ampUfier, waveshape / 

(21-12) . ' r 

26. The two outputs of the permanent magnet generator transformer rectifier are used by the voltage regulator power 
supply and the supervisory portion of the VR/SP. (21-13) ■ . * 

£7. The reactive current sensing circuit (RSG) functions to equalize the reactive load between generators operating in 
parallel. (21-14) 

28 The output of the RCS circuit is usejil to bias the voltage regulator circuitry, which increases the excitation to the 
generator carrying the least reactive load. (21* 14) 

JL9. The right VR/SP current transformer is wired 180" out of phase. (21-18) 1 

30. The results of having the current transformer loop wired 1 80 # out of phase, are that oppositeVtion takes place in the 
opposite RCS. (21-18) 

31. Sensing, time delay (where needed) Jo^ic decision, and control. (21-19) 

31. The feeder fault sensing circuit performs the protective functions of feeder fault and generator burnout protection. 
(21-21) 7 . - v 

33 \ The feeder fault sensing circuit is a low phase sensing circuit, and it detects feeder faults by comparing each phase 
voltage with the average of the three phase voltages appearing on the voltage regulator error sensing bridge. (21-21) 

M. The feeder fault sensing circuit reduces the excitation to the generator, which allows the generator to be tripped off 
the line by undcrvoltage. (21-22) v 

35. The undervoltage sensing circuit monitors the lowest phase voltage, which, when less than 102 volts, provides 1 signal 

to, trip the generator off the line. . (21-25) . 

36. The overvoltage sensing circuit responds to the highest phase overvoltage and, through its time delay, produces a trip 
circuit with delay time inversely proportional to overvoltage level. (21-27) 

3 7. The reacti\fcjMas circuit (RBC) biases the OVS ci^it so that only the defective (overexcited) generator is tripped off the 
line. (21 -28)^ 

1 - .M 

38. The wirine/df the current transformer loop to the right VR/SP is 1 80° out of phase iwth the left VR/SP, which causes the 
opposke'action to tike place. (21-29) 

39. in the case of an overexcitation fault, the generator supplying the most current is the faulty onfe, and it is tripped on 
overvoltage. (21-31) 

<}0. The contactor logic circuit operates the generator control relay (GCR), contactor control relay (CCR), and isolate relay (IR). 

.f (2*-32) • 

41. The GCR close coil circuit, UVS disabling circuit, CCR control circuit, arid GCR trip-coil circuit. (21-33) 

42. The GCR close-coil circuit functions to energize (close) the relay. (21-34) 

437 The undervoltage sensing disabling circuit must be disabled prior lo closingrthe GCR and USS to prevent an automatic lockout 
of the GCR. (21-35) ' \ 
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M - drW,it ° r dccnc 'P*« th « «"*• wl.ich,in turn.ener^es or deeuag,^ the line condor. ' * ~N 

45 ' ™s. ° Pe " bet0r£ GCR; ° ,hCrWiSC 8CnCra,0r Wi " be dcener ^ c « "W!c ^-connected the 

46. The purpose of the GCR trip-coil circuit is to deencrgize the GCR. (21-39) 

' 47 ' InVnf "I 3 ! CirCUi, Wi " CnCrgiZe ,hC iSOlatC rday and 0pCn ,hc lie ^oowctor when the unbalance ,„rr-u 
sensing circuit detects an excessive unbalanced real load division between generators. (2:40) 

48. The functions 9 f the FLCB are fine .frequency control, automatic parallehng, and real load division. (21-43.) 

49. The frequency produced by the tuning fork oscillator circuit in the FLCB is 800 +04 Hz. (21-45) , 

50. The load division demodulator circuit provides a voltage amplitude modulated snmal to the power out,, tn d mixta, 
circuit to correct for an unbalanced real load condition between the paralleled generators, (2 1 5J J 

5l ^SH: { gliST ,>U,PUt andmiXin8CirCUi, " ,0 driVCS 10 — 1 thC ° ff f ^"-> - " nb ^ed 

52. The automatic paralleling circuit functions as a phase sensitive detector. (21-60) 

53. The phase angle difference between the generators should be approximately 90°. (21-61)' 

54 ' ^ ,v r m ;j° f rconi P one u nts in *• « PPwer control box are the left and right line contactors, tie contactor external 
power contactor, loop shorting relay, and current transformers. (21-62) : 

55. The loop shorting relay shorts the three current transformer loop, whenever the lie contactor « decnergi/ed. ( 2 1 -64) 

56. The curTent transformers are connected in a loop and phased so their outputs are opposing and proportional to the 
difference in the amount of current produced by each generator. (21-65) 

57. The three most important units in the CSD are the basic governor, limit governor, and underspend switch. (21 -66) 

58. By using a signal from the frequency and load control box to supply a corrective signal to the trim head o, the CSD. 

,59. The two functions of the limit governor are the actuation of the undenpeed switch and the trip valve. (21 -68) 

60 ' m m ei (^t)' MlCh PreVemS COnneCt, '° n ° f 8enCra '°" 10 " 1C bV ' U1 Pt -" n0ratur is ^PP-xiniate.v 

6L ™ll!0f; , f ransf0r 7 r rec,ifier 0U, P at is ,,%d for «citaticr, a, a do controfoltage for rpcrattot, of svstem'relav, 

and contactors, and as a power supply for the semiconductor circuits in the VR'SP. \l i-70) 

62. TC- 10 contacts. (21-71) _j 

63. When all three warning lights are extinguished, the generator systems are operating LrmaUy and in parallel. ( 2 1-74) 
TbZZlts^nT) SyS,em C ° nSlS,S haSiCa,,y ° f ,e,t ng,,! ' ."^.J&e^ and lcw,ol.a M e :,c ,nd dc 
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,'65. The cockpit warning lights have 28 vac for day operation and I4.vac for night operation. (22-1) * J ^ 

66. The five major components in the external powcrtontrol circuit are the generator control switches, 
external power contact«v(EPC), external power transformer rectifiers, external power receptacle, 
and instrument ground pjrwer switch. (22-3) 

67. The external power T/R unit obtains its power directly from A phase of the external power receptacle. 
(22-3) 

• * 

68. The aircraft electrical repairman has the responsibility for servicing, .charging, repairing, and testing the 
battery as well as troubleshooting its control systems. (22-5) 

69. The composition of the electrolytc^solution in the nickel-cadmium battery is 30 percent (by w*ight) potassium 
hydroxide in distilled water. (22-6) 

70. "Die nominal open-circuit cell voltage of the nickel-cadmium battery is 1.30 volts. (22-7) 

71. Nickel-cadmium batteries for 24-volt systems consist of 19 individual cells. (22-7) 

72. The constant-potential method is recommended for the normal charging of nickel-cadmium batteries. (22- 1 1) ^ 

73. The normal power required for charging nickel-cadmium. batteries on a constant-potential charger is 28.5-volt dc and 
at least 500 amperes. (22-11) 

74. Giarging by the constant-current method is done by using a rectifier-type battery charger. The charger is connected 
in series with the batteries and also selects and regulates battery current, (22-12) 

75. The purpose of the aircraft battery is to provide electrical power for the engine ignition, four white flood lights, and 
the EGT indicator inverter. (22-13) 

?6 The main source of emergency power for the aircraft comes from the emergency ac generator, which is Iriven by a 
ram air turbine. (22-13) 

77. Realistic troubleshooting is an orderly sequence of mental and physi:ai actions ending with the identification and 
elimination of a system malfunction. (23-2) x 

78. The three main categories of malfunctions found in the ac power system are frequency , voltage, and load division. 
(23-3) 

79. Frequency malfunctions arc normally caused by the constant speed drive or the frequency and load control box. 
(23-4) 

80. The VR SP, the generator, or in some cases the generator drive, usually cause high- or low-voltage malfunctions. 
(23-6*) ■ ' • 

81. Currcni "transformers are the causi^of many load division circuit malfunctions because their characteristics are 
easily changed by incorrect installation or failure to short thein before operating the affected system, (23-9) 

CHAPTER 10 , 

I. In the Edison thermocouple system each engine has three zones or circuits. (24-3) 
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2. The difference in temperature rise between the hot and cold junctions of the thermocouple can prod.ee u P to 
50 millivolts. (24-4) < 

3. The operation of the photoelectric fire detector system depends upon the varying radiation of the dune. (24-6) 

4. When heated, -the ceramic decreases in resistance until current flows.bctwccn the wires. (24-10) 

5. The system can be divided into four basic circuits as follows; power supply circuit, sensing circuit amplifier 
circuit, and warning circuit. (24- 10) 

6. The two amplifiers Ql and Q2 are directly coupled. .(24-14; Fig. 78) 

e 

7. Transistor Q2 is normally reverse-biased, which puts it at cutoff. (24-14) 

8. The fire warning light circuit is completed when relay K 1 is energized. (24- 17: Fig. 78) 

9. Corrosion control of the hre warning system is often overlooked. (24-19) 

10. This system is designed to caution the aircrew that an unsafe or potentially unsafe condition exists. (25-1) 

1 1. The master caution circuitry can be divided nto the following three separate circuits: the individual caution 
light circuit, the master caution light circuit, and the reset circuit. (25-3) 

12. The Zener diode functions as a voltage regulator to dim the individual caution lights. (254; Fig. 79) * 

13. The silicon controlled rectifier SCRl fires and forward-biases transistor Ql. (25-9;-ftg. 79) 

14. The reset circuit has no effect on the indMdual caution lights, it will only turn off the master caution light. 
(25-13) 

1 5;. One of the methods used to supply fuel to the engine is tile two uc motor-driven boost pumps located in the 
bottom of the number I fuel ceil, The other method is a/gravity feed system which will supply sufficient fuel 
to operate the engine at lower power settings. (26-3) 

t 

16. For the boost pumps to operate with external power applied, the following conditions must exist: when cither 
engine master switch is placed in the ON position, when tK* grouqf fueling switch is placed in either the REFUEL 

^,?^ RUEL P° sition with engine master switches off. Wn cither booM pump check switch is placed in the 
CHECK position. (26-5) ^ 



/■ 17 - a - F - d. T. 

*>• T. e, T. 

c - F * r t. 

(26-9; FO 15) 

18. False, The external fuel lights come on only when fuel flow stops (26-12; FO 16) 

19. Fuel is transferred from the external system into the aircraft by air pressure, (2o-U) 

20. All tanks contain a float assembly which actuates a FUfct light in the cockpit. (26- 13) * 

21. When the air refuel switch is moved to the EXTEND position, the number 1 solenoid m the n(T//lc lock sequencing 
•valve is energized to extend the receptacle. (26-16; Fig. RO) 
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22. When refueling is completed, a disconnect action cm be initiated from either the receiver aircraft or the^ • / 3 7^ 
* tanker. (26-17) f " / 

23, The nose gear steering system may be energized when the nose gear is- down *nd locked and the main gear 
struts arc compressed. (27-2) 

. 24. In the event of an open or short circuit in one of the inputs to the control unit, a failure detection network 
detects this and removes hydraulic pressure from the steering system. (27-3) 

25. The' servo valve is subjected to a differential current determined by the positioning of the command potentiometer. 
(27-4) . 

* 26, Because SCR2 is self-healing, when the cause for failure is removed, the system can be recycled and normal operation 
f resumed. (26-7) 

27. The nose gear steering switches, when depressed, apply power to the control unit. (27-9) 

28. The 500-ohm resistor is placed in series with the wiper arm to protect it. (27-10; Fig. 82) 

29. The output of the wiper arm of the followup potentiometer determines the degree of turn of the nose wheel. (27-1 1) 

30. Resistor capacitor, (27-14) 

31. The expert knows there are four parts in troubleshooting. These are: knowing in detail how the system works, knowing 
how to use the test equipment, using technical orders and maintenance manuals effectively, and logically analyzing the 
information he obtains from the malfunctioning system. (28-2) 

32. When you determine the broad limits where the defects or difficulties may be located, it is called the area of uncertainty. 
(2M) 

3'3 'Vou can obtain at least two benefits by using bracket*. First, determining the area of uncertainty makes it easier to avoid 
* pointless checks. Secondly, the brackets are an aid in selecting the best check from among the possible good checks. (28-6) 
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1. MATCH ANSWER 2.USE NUMBER 1 . 
e -r a n SHEET TO THIS PENCIL. " 

STOP- EXERCISE NUM- 

BER. 



42370 01 21 

• volume review exercise 

Carefully read the following: 
DO'S. 

1. Check the "course, M 'Volume/' and "form" numbers from the answer sheet address tab against 
the "VRE answer sheet identification number" in the righthand column of the shipping list. 
If numbers do not match, take action to return the answer sheet and the shipping list to ECI 
immediately with a note of explanation. 

2. Note that numerical sequence on answer sheet alternates across from column to column. 

3. Use only medium sharp # 1 black lead pencil for marking answer sheet. 

4. Circle the correct answer in this test booklet. After you are sure of your answers, transfer 
them to the answer sheet. If you have to change an answer on the answer sheet, be 'sure that 
the erasure is complete. Use a clean eraser. But try to avoid any erasure on the answer sheet 
if at ail possible. . , 

5. Take action to return entire answer sheet to ECI. 

6. Keep Volume Review Exercise booklet for review and reference. 

7. If mandatorily enrolled student, process questions or comments through your unit trainer or 
OJT supervisor, ■ _ 
If voluntarily enrolled >ft*4ent, send questions or comments to ECI on ECI Form 17. 
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DONTS: 

1'. Don't use answer sheets other than one furnished specifically for each review exercise. 

2. Don't mark on the answer sheet -except to fill in marking blocks. Double marks or excessive 
markings which overflow marking blocks will register as .errors. 

3. Don't fold, spindle, staple, tape, or mutilate the answer sheet. 

4. Don't use ink or any marking other than with a # 1 black lead pencil. 

( 

Note:Tht 3-digit number in parenthesis immediately following each item number in this Volume Review 
Exercise represents a Guide Number in the Study Reference Guide winch in turn indicates the urea 
of the text where the answer to (hat item can be found. Tor proper use of these Guide Numbers 
in assisting you with your Volume Review Hxc/rcisc. read carefully the instructions in the heading 
of the Study Reference Guide. 
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' MODIFICATIONS 

£~/_^P6> &7 of this publication has (have) been deleted in 



adapting this material for inclusion in the "Trial Implementation of a 
Model System to Provide Military Curriculum Materials for Use in Vocational 
and Technical Education." Deleted material involves extensive use of 
military forms ,^ procedures , systems, etc. and was not considered appropriate 
for use in vocational and technical education. 
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60. (1 13) What value of shunt resistance would you 
use witli a meter movement that drpp^OXI volt 
at full scale deflection and is go^ng to be jsed 
as a 100 ampere meter? 

a. 0.0001 ohm. 

b. 0.001 ohm. 

c. 0.0002 ohm. 

d. 0.002 ohm. 

61. (112) Which resistance measuring device is the 
most accurate? 




a. Megger, 

b. Ohmmeter. 

c. Dynamometer. 

d. Wheatstone bridge. 



62. (1 12) An adjustable shunt is provided on briagj 
type measuring devices to 



Chapter 5 * 

57. (1 13) What is the voltage drop across the meter 
movement of an ammeter having an internal 
shunt with a voltage drop of 0.01 volt at 100 
microamperes? 

a. 0.01 volt. 

b. 0.001 volt. 

c 0.00001 volt, 
d. 0,000001 volt, 

58. (112) When/usin^a megger to test insulation 
resistance, tone item that requires special 
attention is the 

a. output voltage of the megger. 

b. temperature of the item under test, 

c. strength of the permanent magnet. 

d. speed at whilh ihc hard crank is turned. 

59. (1 12) So they may cover a wiflfe range of values 
most ohmmeters are equipped with 

a. multiple scales. 

b. a mirror. 

c, an external shunt. 

d, a scale multiplication feature. 



protect the detector unit, 

provide range selection, 

balance the bridge, 

provide an accurate reading. 



a. 
b. 
c. 
d. 



63. (112) Why should you move the range selector 
switch on the ohmmeter away from the 
low-ohm scale position when you have 
completed your check? 



a. The batteries would overcharge 

b. To reduce constant flow. 

c. The movement would not be lock 

d. The pointer would stay far to t 



64. (115) What is the major operational differenc 
between the PSM 20B and the ElectricaLEetfer 
Test Harness? 



designed for in-shop 



a. The* PSM-20B 
testing. / 

b. Tlie PSM-20B is capable of locking out and 
overriding system problems. / 

c. The Electrical Power Test Harness Was 
primarily designed for flight line use/ 

d. The Electrical Power Test Harnefc; ,s 
- capable of more thorough CSD ie/fing. 

65. (1 14) The sensitivity of a voltmeter iscxpressed 

/ 

/ 

/ 

a, percentage. / 
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b. fnillivolts 

c. microamps- per volt. 

d. ohms per volt. 

66. (114) Why should an oscilloscope not be 
operated with the case removed? 



It presents a shock hazard. 
It will r cause erroneous readings. 
Outside fields will affect the CRT 
The low amplitude test signal /Will) be 
affected, 




a. 

b, 
c, 
d. 



67. (112) The accuracy of measurements madcLwith 
the Wheal stone bridge is independent of the 

a. value of the supply voltage. 

b. resistance of the test leads, 

c. security of the binding posts. 

d. value of the resistance .to be measured, 

68. (113) How should current measuring 
instruments be connected to a circuit? 

a. In shunt. 

b. In series. 

c. In parallel. 

d. In series-parallel. 




69. (1 14) The purpose of Ihe sweep generator signal 
in the oscilloscope is to 

a. reduce persistence. 

b. increase tube sensitivity. 

c. establish time-base on the vertical axis, 

d. establish time-base on the horizontal axis. 

70. (1 14) The reason for grounding the VTVM ac 
probe after checking a circuit where high dc 
voltage was present is to 

a. reset the meter movement. 

b. remove the negative grid bias. 

c. discharge the coupling capacitor. 

d. break the circuit at ground potential 

71. (114) The electronic proce^^^forming, 
focusing, accelerating, £*n1rollingu^and 
deflecting the electron beam is accomplished^ 
what unit in the cathode ray tube? 

a Electron gun. 

b. Aquadag coating. 

c, Deflection system. 

d The accelerating anode. 




72. (1K2) If a high degree of precision is not 
required, when measuring resistance, you should 
choose 

V 

a. a megger. 

b. a test light. 

c. an <ohmmeter. 
Wheatstone bridge. 

Chapter 6 

73. (1 17) Who* is responsible for the statement "The 
algebraic sum of the currents at any junction 
of conductors is zeTO M ? 

a. Lenz. 

b. Kirchhoff. 

c. Ohm. 

d. Faraday. 

74. (1 17) When 10 volts are applied across a 5 ohm 
resist^pce, the current in the resistor equals 

a. 2 amp. 

b. 5 amp. 

c. 10 amp. 

d. 15 amp. 

Note to Student: Use figure 38 in illustration 
booklet 101 as an aid when responding to items 75 
and 76." However, for Pj use the value 40 and for 
?2 the value 15 as the respective pole strengths of 
the magnets. Keep both magnets 10 cm. long and 
oriented as shown in figure 38, except their north 
poles are 5 cm. apart. 

75. (116) What is the approximate total force of 
attraction for ih€ circuit in figure 38, using the 
substituted values in the figure? 

a. - 0.67 dyne. 

b. 2.67 dynes. 

c. 5.33 dynes. 

d. 10.60 dynes. 

76. (M6)What is the approximate toul net force 
(attraction or repulsion) of the circuit in figure 

y 38, using the substituted values in the figure? 



a. 5.33 dynei of repulsion. 

b. 5.33 dynes of sanction. 

c. 19.63 dynes of repulsion. 
19.63 dynes of sttrsction. 



d. 
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77, (jin^KetT z constant source of voltage is 
applied across a decreasing resistance, the power 
supplied by the voltage source 



78. (1 16JThe smallest a magnet can be broken down 
and still retain its north and south pole is 

a. an atom. 

> b. a proton. 

c. an electron. 

d. a molecule. 

79. (1 16)The tendency of a Substance to expand 
and contract when being magnetiied is known 
as v 

i 

a. paramagnetic. 

b. magnetomotive. 

c. magnetostriction. 

d. magnetic induction. 

Note to Student:. Refer to figure 48 in illustrations 
booklet 101 as an aid when responding to item 80. 
However, for certain values given in the figure 
substitute the following: battery 1 is 28 volts and 
its internal resistance is 0,2 ohm, battery 2 is 60 volts 
and its internal resistance remains 0.3 ohm. The 
fixed resistance between points A and R is 80 ohms. 

80, '(1 19) Using the substituted values in figure 48, 
what is the* approximate value of the current 
through the fixed resistor between points A and 
B? 

a. 0.1 12 amp,. 

b. 0.509 amp. 

c. 1.362 amp. 

d. 3.004 amp. 

81. (119) In the two equations 6y ~ 2x * 0 and 
3x - 4y - 20 * 0, what values t have x and y? 



a. 

b. 
c, 
d. 



x - 3, y - 1, 

x * 6, y * 2.. 

x = 9, y » 3. 

x a 12, y « 4. 



/3f 



a. 


decreases because 


there is less current. 


a. 


b. 


increases because 


there is more current. 


b. 


c. 


stays the same 


although the current 


c. 




decreases. 






d. 


stays the same 


although the current 


d. 




increases. 







82. (1 17) A battery is placed in a circuit with the 
reference point on the negative ierminal. What 
direction is the battery poled? 



In the positive direction. 

In the negative direction. 

The reference point has no effect on the 

battery. 

A battery is always poled in the negative 
direction only. 



83. {\\7) The nearest appr(jjch to the production 
jpf pure direct current is the electrical energy 

from 

a. a dry disk rectifier. 

b. a shunt type generator, 

c. a dc inverter. 

d. the chemical reaction in a battery. 

84. (117) When working with current or voltage, 
amplitude is the characteristic which represents 

-"J 

a. intensity. 

b. velocity, 

c. density. ' - ' * 

d. time. 

Note to Student: Refer to figure 45A in illustrations , 
booklet 101 as an aid when ^sponding to item 85. 

85. (118) Refer to figure 45 A. What is the current 
How between points B and C and between 
points D and C? . 



a. 
b. 
c. 
d. 



1 BC = 1.82 "amps 
^BC a 1*926 amps 
'bC = amps 



1.926 amps. 



lfx; = 7.88 amps. 



1.39 amps. 
1,82 amps. 
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86. (120) The difference between ac and dc voltage 

l r that 



b. 



ac voltage has a constant value, 

ac voltage alternates its direction, 

dc voltage reverses its direction, 

d. ac voltage has constant polarity, 

87. (12') If a japacitpr is being charged by means 
of a battery, electrons will flow from the 
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a negative side of the battery, through the 
capacitor, to the positive side of the 
battery, 

b. positive side of the battery to one side of 
• the capacitor, while other electrons flow 

from the other side of the capacitor to the 93. 
negative side of the battery. 

c. negative side of the capacitor, through the 
battery, to the positive^ side of the 
capacitor. 

d. negative side of the battery to one side of 
the capacitor, while other electrons flow 
from the other side of the capacitor to the 
positive side of the battery. 

88. ( 1 20) The unit of measure of capacitance is the 94. 

^a, ohm. 

b. henry. 

c. farad. 
j d. maxwell. 

89. (120) A capacitor is composed of 



a. two pieces .of conducting material 
separated by an insulator. 

b. a piece, of material which has a great 
amount of resistance, 

c. a piece of conducting material which can 
carry a large amount* of current. 

d. two pieces of conducting material that 
connect a battery to a very small resistance. 

90. (121) In a parallel-tuned circuit at the resonant 
frequency, £he 

a. line current is maximum. 

b. line current is minimum. 

c. total impedance is minimum. 

d. inductive branch current is minimum. 

91. (120) When a voltage value is preceded by the 
letter "e", the value indicated is 

a. peak. 

b. average. 

c. instantaneous. 

d. root mean square. 

92* (120) To be in phase, two voltages or currents 
* must 

ajr have the same values for each 

% corresponding value of 0 . t 
b. have opposite values for each 
corresponding value of Q, 1 



c. attain their greatest and least values for the 
same values of 0. y 

d. start from zero in a positive direction at 
^ the same time. 

(121)* In a parallel-tuned circuit at resonant 
frequency, the 

a. total impedance is maximum. 

b. total impedance is minimum. 

c. line current is nfi&imum. 

d. capacitive branrff current is minimum. 
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(122) The voltage regulator maintains a constant 
voltage output of a dc generator by controlling 
the 

a. generator field current. % 
<b. current through the armature. 

c. strength of the series field. 

d. resistance of the afield and armature circuit. 

95. (123) Corrosion should be removed from the 
terminals of a lead-acid battery by use ol^ 

a. a wire brush. 

b. sodium bicarbonate. . 

c. liquid cleaner, PS661. 

d. a stiff non-metallic brush. 

96. (122) In a dc system, when should the generator 
field circuit breakers be placed in the OFF 
position? 

a. During normal system shutdown. 

b. In the event of a malfunction. 

c. When the Held relay is tripped. 

d. During a systems operational check. 

97. (122) The differential current fault-sensing relay 
in the dc generator circuits operates when there 
is a substantial difference in current between the 

a. series field and the bus. 

b. shunt field and the bus. 

c. battery and the generator shunt field. 

d. battery and the generator series Held. 
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98. (I^P Operating ihe generator switch to the 
momentary down position will do which of the 
following? 

a. Trip the armature shunting relay, 

b. Close ihe forward current relay. 

c. Rash the generator field. 

d. Trip 'the" field relay, - 

> 

99, (123) When should an installed aircraft baltcry 
be replaced? 



a. 
b, 

c, 

d. 



When it becomes necessary to add water. 
When the specific gravity reads 1,240 or 
below. \ ■ 

When the specific grjvity reading is below 
1.275. 

When the battery sump jar needs to be 
serviced. 



i 

100. (124) Any condition that will impose a 
shock load on a generator may cause 

a, shaft failure, 

b< bru\h faiiure, 

c. bearing failure, & 

d. regulator failure. \ 

101, (122) Following a feeder fault, how is the 
forward-current relay in the dc generator circuit 
reset? 



a + By the armature shunting relay, 

b. Electrically by the field relay 

c* Manually by a button on lis case, 

d. Electrically by the generator switch, 

102. (124) Which of the following will cause u 
zero voltage output from a dc generator? 

a. An open field fead 

b. A shorted generator switch, 

c. An open voltage co»l circuit ■ * 

d. Broken generator >haft. 

103. (122) During parallel generator operation^ 
the voltage regulators equalise the output of the 
generators by 



a. 



b. 



increasing the field current of the low 
generator, only. 

increasing the field current of the high 
generator, and decreasing the field current 
of the low gencMt^r 



i, reducing the field current *, jll iterators 

operating m parallel, 
d. reducing .the field currc I yf 'he huh 

generator, and. increasing the lick! currer; : 

of the low gc.ncr^or 
V 

104, (123) What type of protective device r 
uscdlhs^hc distribution system which will allov 
it to eaj)y temporary overloads' 

a. Swiictnypc cirouit ; breakerv 

b. Thermal-iypc automatic unuii breakers 
v Curynl limners.'" 

d. Spediahprotcciiort type rcl»ivi. 

105, (12^ When checking j pmeralor syste/li 
j*or a high vokagc malfunction use 

;i. an ohmmeier. " 

*b. a voltmeter. 

c. an am arete r, N * 

d. a mcggtfr . 

106, (123) WHlit arc Ihe secuonalumg relays In 
the dc power distribution system used to - 
isolate'' 

a, The nacelle buses .from the mam bus, 
b The generator feeder from the main bus 
c H>e mam bus" from the externa! power 
system, 

d. The generator feeders in ihe nacelle bus 

107, (122) Al what minimum voltage do the 
equalizer relay contacts in 'the dc generator 
circuit normally close 1 * 



16, 
18. 
20. 
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Notl-n Student Refer to foldou; M m illustrations 
bookie: 102 js an aid when responding *io items 108 

108 (129) Refer to foldout 13 Wrwch of the 
following sets of- warning lights will be 
extinguished when the left generator is put nn 

(he line' 

J III iA S OUr and R|j GLN OUT 



b. R14 GLN OUT and BUS TIE CLOSED. 

c. RII GUN OUT and BUS TIE OPEN. 

d. LH GEN OUT and BUS TIE OPEN. 

109. (129) Refer to foldout 13. What is the 
purpose of the GCR-2 contacts? 

.a. to energize LLC-10 contact. 

b. To ground the bridge rectifier. 

c. To energize the tie contactor, 

d. To apply excitation voltage to the 
generator. 

Note to "Student: Refer to foldout 14 in the 
illustrations booklet 102 as an aid when responding 
to item 110. 



110 



(130) Refer to foldout 14; Which of the 
following conditions will cause 28 vdc to be 
fppficdl to the battery bus? 



/a. RM ignition switch energized. 

V LH ignition 'switch energised, 

c. " Ground fueling control switch 
d. 



off. 



Left engine master switch energized. 

Note to Student: Refer to foldout 4 in illustrations 
booklet 102 as an aid wh^n responding to items I I I 
th^lpgh 114. - 

111. (126) Refer to folciout 4: Polarity of the 
error sensing bridge output is determined by the 

a. current amplifier. 

b. direction v of generator voltage error. 

c. , time constant of RI and CI, 

d. PMG transformer rectifier. 



114. (126) Refer to foldout 4. What is the 
purpose of Rl and CI in this circuit? 

a. ^ Signal rectifier. 

b. Current sensing., 

c. Wave shaping. 
N d. Time delay. 

Note to Student: Refer to foldout 8 in illustrations 
booklet 102 as an aid when responding to items 1 15 
and 116. 

f IS-. (128) Refer to foldout 8. Which of the 
following transistors is part of the power output 
and mixing circuit? 



a. 
b. 
c. 
d. 



0201. 
Q30I. 
0504. 
Q60I. 



116. (128) Refer to foldout 8. Which of the 
following components is part of the dc power 
supply in the frequency and load control box? 

a. Tuning fork. 

b. Signal amplifier,* 

c. Frequency divider, 

d. 'Transformer rectifier. 

\\1 / (127) When a generator is tripped from the 
line the current transformer loop 

a. is opened. 

b. is grounded. 

c. is shorted. 

d. continues to operate. 



112. (126) Refer to foldout 4. The type of 
wave form which is applied to the error sensing 
bridge K known as 

a. half. 
S, square, 
e. sawtooth, 
d. sinusoidal. 

.A 

113. (126) Refer to foldout 4. The excitation 
from transistor Q3 to the generator is a pulsating 
negative dc voltage in the "form of a 



Chapter 10 

118. (134) The three external 'fuel lights come 
on when 

a. the tanks are armed. 

b. fuel flow stops from each tank. 

c. the external tanks have been jettisohed. 

d. the aircraft is in refueling operation. 



a. full wave. 

b. square wave. 

c. half wave, 

d. saw-tooth wave. 
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M9. (134) Which of the following conditions 
will cause the hydraulic transfer pumps in the 
fuselage fuel supply system to operate? 



a, 
b. 

c. 



100% rpm on both engines; 
Afterburner in operation on either engine.* 
Upon completion of an air refuel 
operation. 

Fuel in the external tanks falls below 1800 
pounds. ^ 



120. (132) In a continuous cable fire warning 
system the sensing elements undergo what 
changes when heated? 

a. Decrease in reactance 

b. Decrease in resistance. 

c. Increase in reactance. 
<L Increase in resistance. 



a. gravity feed. 

b. electric pumps 

c. air pressure. 

d. hydraulic pumps. 



121. (135) What will be the^ result if a nose gear 
steering switch fails to make? 



a. 
b. 
c. 



122, 




The system will be locked out. 
The system will 1>e locked in. , 
The power supply A2 will increase^ 
output ' 
The .nose wheel will lock in the direction 
of the open switch. 



(135) In the nose^gear steering system, 
what happens when the voltage from the 
follow-up potentiometer equals the voltage from 
the command potentiometer? ^ 

a. The nose wheel returns to center. 

b. The system disengages. 

c. The servovalve directs hydraulic flow to the 
vane motor, 

d. The nose wheel remains at the desired 
degree, of turn. 



3 23. . (134) The boost ^urn^s in the engine fuel 
leed system operate bruy *hcn 



external power is not being\pp|ied. 
the aircraft is in normal flight, 
external power is applied and eijther master 
switch is on, 

internal power is applied, both master 
switch*' are off, and the refuel switch is off. 

(134) Fuel is transferee! from the external 
fuel system by 
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Foldoul 4, Voltage regulator circuit. 
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Foldout 5, Feeder fault sending circuit. 
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Foldout 6. VR/SP contactor logic circuit. 
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Foldout 7. Frequency and load control box. 
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Foldout 9. Load division demodulator circuit, 
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Figure 20* Seriet type Ohmmeter. 
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Figure 30. Dynamometer lype frequency meter. 
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Figure 32. AN/PSM-20B tester (picture). 
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Figure 35. Electrical power lest harness. 
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Figure 38. Magnetic circuit. 




Figure 39. Typical B'H characteristic curve. 
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Figure 42. Example of Kirchhoff a first law. 
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Figure 43. Example of Kirehhoffs second law. 




Figure 44. Resistive bridge circuit. 



R l « 1 OHM 



^2- 4 OHMS 




«4-5 OHMS 



* r - 10 VOLTS 



R o 3 VS O H M 




OHMS 



Et-JO VOITS 



TRANSFORMED r 1 » r {) 1 T 

Figure 45. Bridge i.r;;ait No. i unrig delta t>*star 
transformation. 




R 2 = -5 OHMS 



»• = 5 OHMS 




*3 = 20 
OHMS 



E T =75 VOLTS 



&b =0.192 OHM 
R =3 85 OHMS 



ORIGINAL CIRCUIT 



Rl " 5 OHMS 




6t =75 YOLTS 

^I'l'l 



B 



EQUIVALENT CIRCUIT 

Figure 46. Bridge circuit No. 2 usmg delta-to-star 
transformation. 



R , - r 0 Ohms 




E 100 v O L T G 

^I'l'fe — 



O R 1 ' j l N A t 1 " l « r y 1 t * 



Ohm$ 




Figure 47 B danced bridge ar^uit lining drita-uvstar 
tranjturmation 



9 

ERLC 





TIME 



SINE WAVEFORM 



Figure h^. Alternating-current or voltage waveform 



SINE 

VOLTAGE 
GENERATOR 



A 

ACTUAL CIRCUIT 



voltage . Current 




D60 DIGftftS- 




PHASE RELATIONS 



Figure .^0 In-phasc voltages Figure 52. Phase relationships in inductive circuits. 
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Figure 56. Scries resonant circuit. 
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Figure 62, Direct-current generator circuit 
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Figure 63. Direcl-unrenl voltage regulator. 
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Figure 65. Generator undervoitage protection circuit, 
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Figure 67, Generator react circuit 
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Hgure 68. Direct aii-rcnt attribution circuit. 
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Figure 69. External direct-current power system. 
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Figure 71. Brushlcss generator cutaway. 
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Figure 72. BrushJess generator schematic. 
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Figure 73. Reactive current sensing circuit. 
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Figure 75. Unbalanced current sending circuit. 
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Figure 76. Frequency reference circuit. 
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Figure 77. frequency comparator circuit. 
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Figure 78. Continuouo cable circuit 
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Figure 79. Mwtcr caution and warning light system schematic 
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Figure 80, Air refueling syotem electrical cchematic 
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